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PREFA(^E 


The purpose of this book is primarily that of acquainting 
the student with the a])plications of those s(d(‘nti(ic facts 
and i)rineipies which an^ of use in planning constructive 
systems of soil managdiK'nt and in incr(;asing the pro- 
duct! v(' capacities of soils. It is assumed that the student 
has had courses in chemistry, botany, geology and physics 
and that he is familiar with th(' ordinary A'ocabularies of 
th(\se sciiwices. 

Many of the a])plications of the above sciences which 
are of interest to the more advanc('d student of soils are not 
touch(‘d uj)()n in the following pag(\s except perhaps in a 
\'(;ry bric'f way. This is for the ri'ason that tin; book is 
intended for use in a recpiired course in soils in an agricul- 
tural college Jiiaiiy of the students in which are not pri- 
marily interested in the more intricate jduises of the sub- 
ject and have little or no need for the cour.se except as it 
may be useful to tln'in in practice or in und('r.standing prac- 
tice on the farm. 

It has not bet'ii deeiiK'd de.sirable to attempt to present 
any large i)art of the data on which the author’s (ionclusions 
are based. For this reason illustrative data have been 
chosen from what('ver sources the juost coiuilusive evidence 
could be s(‘cured. In the absence (tf any reason for doing 
ot.hcrwise, tluwe data have been s(‘lect(‘d from those pub- 
lished by the Ohio Agricultural Experiment Station and 
(A)llege. AVhere the book is us(‘d in other state's it is hoped 
that illustrative data from those; states can be; substituted. 

It is assumed that the classroeun discussion of the subject 
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will be supplemented by laboratory studies designed to fix 
more definitely in the student’s mind some of the more 
important facts and principles which lend themselves to 
laboratory demonstration. Thus a supplemental guide has 
been prepared for use in the required course in soils at the 
Ohio State University which has been found to stimulate 
additional interest on the part, of the student and to make 
the classroom instruction more (iffectivc. 

Firman E. Bear. 

Ohio State Univeusity, 

Columbus, Ohio, 

April 15, 1923. 
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SOIL MANAGEMENT 

CHAPTIlR t 

FACTORS AFFECTING THE GROWTH OF CROPS 

Chop growth is iiifliienml by iiuiny factors. Thos(' maj 
bo (ronveriionlly classific'd into three groups, viz.: (dimatic 
biotic, and soil. Among the climatic factors are rainfall, 
light, temp(5ratiire and atmosphere. Under th(^ biotic 
group may be includ(‘d man, animals, other plants and th(^ 
cro[) itself in relation to its environment. The soil factors 
include* a.11 those physical, chemical and biological properties 
of and proc(*sses in the soil wliich alToct its capacity to sup- 
ply the crop with th(‘ necessary nitrogen, mineral elements 
and ^^ater. 

Thes(^ various factors may 1)0 either |)()sitive or negative, 
depending u])oii th(* conditions. They are all very definitely 
interrelated. It is s(‘ld()jn, if ever, |)ossil)le to have all of 
thein ojierating at the optimum. The success of the farmer 
in growing cro])s is determin(*d by the ext(*nt to which he is 
able to kee]) the several factors uiuh'r control; to modify 
their iiifluenci* to suit the needs of his cr()j)s; and to choose 
the crop to fit the conditions which obtain. 

CLIMATIC FACTORS AND CROP GROWTH 

The clhiiatic factors are so ndated to each olher in their 
effects on croj) growth as to make their separate considera- 
tion difficult. The amount of water a\'ailable to th(j plant 
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is not so much dependent upon the rainfall as upon the 
rainfall-evai)oration ^atio; the atmosphere is in competition 
with the plant for water, particularly in semi-arid regions. 
The photosyiithetic processes in plants are dependent upon 
light, but the intensity of the sunshine is ordinarily much 
in excess of the requirements of j)lants; length of day is 
the imi)ortant phase of the light factor. Certain crops 
grow best in cool climates, but this may at times b(5 related 
to the larger sui)ply of available moisture under such con- 
ditions rath(T than to the direct effcM^t of temperatun;. 

liaker and Finch have shown tlie geographic locations 
of the more important crops and ha\’e indi(*ated the climatic 
conditions associated with th('S(^ lo(‘,ations. It is not 
feasible to discuss the relationshij)s betwec'ii (ilimatic factors 
and crop distribution in detail, but some of the more impor- 
tant cases will be ^‘.onsidered. It s(Muns desirable to point 
out that the farthcT removed a farm is from the center of 
production of any crop the more dithcnilt it is for the farmer 
to grow that crop satisfactorily, until a point may finally 
be reached at which it is no longer advisabki to make the 
attempt. 

CLIMATIC FACTORS AND CROP DISTRIBUTION 

The wheat crop does not thrive' in warm, liumid climates 
because of the competition of wheat dise'ases under such 
weather conditions. The growing se^ason for wheat must 
b(' at least 90 days. The ave'rage annual i)recipitation of 
wheat regions of highest acre i)roductioii is between 30 
and 35 inches. The seasonal distribution of the^ rainfall 
is important. The most favorable conditions are found 
where a cool, moderately moist sc'ason, during which the 
tillering process continues freely, develoj)s gradually into a 
warm, bright and somewhat dry harvest period, which 
favors the develoi)ment of a hard wheat and is unfavorable 
to the growth of fungus diseases. 

The (torn (trop finds its geographic range limited by tern- 
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perature and rainfall. In the Corn Belt of the United 
States the mean summer temperature is between 70° and 
80° r, with a night temperature averaging approximately 
60°. The season between frosts is about 140 days. The 
rainfall amounts to between 25 and 50 inches with at least 
7 inches during July and August. 

It is apparent that a good wheat climate is not the same 
as that described for corn. Nevertheless the two crops are 
grown successfully in rotation in temperate zones by reason 
of the fact that wheat is essentially a winter and spring 
crop while corn is a summer crop. The two crop seasons 
overlap somewhat and for that reason the best wheat sections 
arc often only moderately satisfactory for corn. Spring 
wheat is substituted for winter wheat in the cooler portions 
of the world, but cannot be grown in the C'orn Belt to 
advantage because it matures too late in the summer season. 

This same priiKuple is involved with the oats (Top, 
which also is adapted to cool, moist climates and is even 
more seriously afT(“et(‘d than wheat by high temperatures. 
Oats <!an b(‘ gr(»wn succe.ssfully in warm climates only 
when it (!an l)e sown in the fall and ha\'e its growing season 
largely during the winter and spring months. Potatoes 
also grow best in moist., cool climates, somewhat north of 
the C'orn B('lt. in the Unit(>d States, under e,ondit.ions where 
the tubers can be j)roduced while the t(^mj)erature is reason- 
ably low. In Algeria they are ])lanted in November and 
December and har\ est('d from January to May. 

Rice is an interesting erof) by reason of its high water 
requircmients, b(*ing grown to best advantage under condi- 
tions in which irrigation can be practiced. In Louisiana 
the water recjuireim'nt of rice is found to amount to approxi- 
mately I inch ])er day as an average f(»r th(^ i)()-day growing 
l)eriod. The, rainfall during this period amounting on the 
average to 20 iu(‘hes, the remaining 25 iiu^hes must be 
supplied by irrigation. The temperature reciuirements are 
at least 75° as a njean for the gi’owing .season. 
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Fig. i. — **The farther removerl a farm is from the center of production of any crop the more difficult it is for the farmer 
to grow that crop satisfactorily until a point is reached at which it is no longer advisable to make the attempt.” Map 
from Finch and Baker’s “Geography of the World’s Agriculture.” 
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(\)tton is another warm climate (Top. The northern 
limit of (!otton growing is approximately a mean summer 
temperat;ire of 77° and a frostless season of 200 days. 
The annual prccijjitation requirements are found to be in 
excess of 23 inches. Within these boundaries the Cotton 
Belt is found with the bc^st cotton being produced when the 
weather is wann and moderately moist from April to 
August and is dry and cool in the autumnal picking period. 

The sugar beet has its highest cont(;nt of sugar in north- 
ern latitudes. As to whetluT this is entirely related to 
temperature seen\s doubtful, the length of day during the 
growing season af)])arently having (!onsid(Table to do with 
the ixTcentage of sugar. On the other hand, sugar cane 
grows b(‘st under conditions in which the teanperature is 
uniformly high, the sunlight strong and the showers freciuent. 
Cool cloudy weatluT reduces the yield of cane and 
increases th(‘ i)ercentage of fib(T with a consequent reduction 
in sugar contc'iit. 

The oats and barley crops an* important northern crops 
by reason of theii' short .season re(]uirements. In Finland 
and Sweden th(*s(‘ (toi)s are grown nearly t.o the Arctic 
Circle. Barley can be gi’own iji high altitudes where the 
sumnuTs are soon ov(T and in semi-arid sections where the 
wet seasons ai'e short . 

Two excellent examples of drought-resisting crops are 
found in oIiv(*s and in the sorghums. Ilie olive is sensitive 
to frost, but gi’ows well in arid climates. Its surface root 
develojniK'iit enabk's it to absoib moisture after a light 
rain and its l(‘av(‘s an' of such a cliaracter as to retard 
eva])oration. Kahr, milo and other sorghums are gi’own 
in Texas, Oklahoma and Kan.sas with a,n aveiage annual 
rainfall of from 15 to 3t) inch('s. During a jx'riod of drought 
these crops ceas(' growth, but go ahead normally as soon 
as rain occurs. 
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BIOTIC FACTORS AND CROP GROWTH 

Mention has been made of the fact that the wheat crop 
suffers, in warm, humid climates, from parasitic fungi which 
find a favorable environment under such conditions. The 
growth and distribution of crops is influenced to a con- 
siderable extent by the degree to which the insects, fungi, 
bacteria and other parasites find conditions favorable for 
their development. Many of these biotic factors are negative 
and operate in opposition to the growth of plants. Notable 
exceptions to this may be cited in the organisms which live 
in the soil and have to do with making the organic, the 
atmospheric and the mimwal elements available. It seems 
desirable in this discu.ssion to include' thc'se, as well as all 
of those ])arasitic organisms which harbor in the soil, among 
the soil factors, since the only oj)port unity for their control 
lies in some operation which also alters the physical or chem- 
ical properties of the soil. 

The effect of crops on those? grown in association with 
them as well as on the following cro])s merits considerable 
attention. The (!xplaiiation of the injury to the croj) due* to 
weeds is pre)bably not so simple as might, be anticipated from 
the ordinarj*^ stateiinent of the fact of the'ir ceunpetitiem with 
the crop for water, soil e'lemeuts anel light. Similarly the 
difference's in the yield of corn fefllowing clover anel timothy 
are not reilated entirely to the know n differences in the effect 
of these creeps e)n the total content e)f nitrogen in the soil. 
These and other points relatenl to crop succe?ssion will be 
considered in sennewhat greater detail in the chapter on 
“ Crop Rotation.” 

Man is the most un])ortunt biotic factor since, in addition 
to his cajjacity to regulate in part the properties of and 
processes in the soil and to influence indirectly the climatic 
factors, he is also able to control to a certain extent the other 
biotic factors w'hich influ(;nce the growth of crops. It 
must also be recognized that by breeding and selection it is 
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possible to develop new varieties and strains which may tol- 
erate a wider range of climatic conditions; may have a 
greater resistan(;e to disease; or may have a greater capac- 
ity to secure from a given soil the elements reejuired for 
larger crop yields. Theses may operates in opposition to 
negative factors or in su(di a way as to take better advan- 
tage of positive factors influencing the growth of crops. 

SOIL FACTORS AND CROP GROWTH 

The soil fac^tors are variables depending upon the cli- 
matic and biotic fa(;tors in operation. Pi*odu(^tivity is not 
a property which is inherent in the soil itself but must be 
considered in relation to the CTn'ironment of the soil and the 
requin'iiK'nts of the crops grown. Tlie (offend, of the factors 
other than the soil as they operate to iiifliuTUT the growth 
of crops from year to year may be ol)served in a study of 
the fluctuations in yields of j)lots in the long-continued fer- 
tiliz('r tests at the several exj^erimeiit- station farms. Exam- 
ples of these may b(' noted in the following table, which 
records the yearly yields of (Tops on plots 8 and 11 of the 
five-y('ar rotation fertilizcT s(Ti('s at Wooster, Ohio. Plot 8 
receiv('d a ph()S])liat(*-])otash f(Ttiliz(T while plot 1 1 nn^enved 
a comjilc'te fertilizer. Both j^lots w(Te limed whenever the 
iKH'd seejiied a])])ar('n1. 

The soil tr('atm('nts for ('ach crop wei’e uniform through- 
out the j)eriod of tli(' test (^xc('pt as changes in the fn^pumey 
and type ot mechanical o])(Tations may have been necessi- 
tated by the weather. Tlie climatic and biotic; factors were 
not contrc^lled, although their influ(ai(;e was undoubtedly 
scanew hat modific'd by the soil treatments. The differences 
in yields noti'd from yc^ar to year are such as to make it 
apparent that the productivity of a soil must be considen^d 
in relation to tlie eiiviromnent in which the soil happens to be. 

On thc^ other hand, it is possible to effect very remarkable 
changes in the productive; capacity of any soil subject to the 
influence of any given climatic and biotic factors. Thus in the 
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TABLE 1 

Fluctuation in Yiklds Due I’o Uncontrolled Factors 
i’lots S ;in<l 11, Ohio ExjuTiinoni. SUitioii, Wooster 


! Yield jmt Acre 

I 



(^orn, 

1 Bii 

Hu 

1 

! Wlu-:il, 

Bu. 

1 Cl()v^(*r, 

1 ( 'wt 

! Timothy, 
j ( 'wt 

lM.)ts 

S 

11 

1 

s 

i 

11 

S 

11 

1 

S 

1 

11 


11 

Vfar 

BKK) 

039 

7a 

40) 

5a 

f" 

.“.5 


2S 

ao 

r« 

41 

1907 

57 

(i4 

27 

ao 

24 

29 

;»2 

42 

52 

59 

I9()S 

4(i 

49 

50 

5a 

a4 

11 

50 

40 

42 

5a 

1909 

as 

5a 

52 

51 

ai 

a2 

2S 

ai 



1910 

10 

IS 

5a 

4S 

20 

27 

ao 

40 

43 

45 

1911 

72 

7a 

aa 

a7 

11 

24 

21 

2a 

ao 

29 

1912 



5S 

01 

10 

11 

:’»9 

41 

35 

ao 

I9i:i 

as 

42 

20 

21 

27 

as 

la 

12 

as 

44 

1911 

47 

5-1 

41 

59 1 

a^ 

a5 

15 

IS 

ao 

29 

1915 

50 

17 

55 

05 : 

2S 

a2 

20 

2a 



1910 

a 

41 

la 

40 1 

ai 

a7 

20) 

ai 

a,> 

35 

1917 

i\2 

05 

71 

71 ! 

a I 

ao 

27 

a5 

43 

as 

191S 

as 

40 

7s 

SI ; 

21 

aa 

2a 

22 

31 

41 

1919 

(iO 

r»s 

aa 

as 1 

25 

27 

2a 

29 

as 

aa 

1920 

57 

51) 

oa 

oa 1 

1 

15 1 
1 

25 

40 

41 

52 

15 


saiiH' fcTtilizor series at Wooster as that, mentioned above, 
tlie a\'erag(' anmnil acre yield has varic'd between wide limits 
depending upon th(‘ iertilizcT treatment th(' soil has received, 
all of the other factors Ixdiig constant ('X(*('j)t as they may 
iiave Ixnai inodifi('d indin'ctly by the fej*tiliz(^rs apj)lied. 

Increases of from (S to .‘{o bushels of (rorn and (*orresi)ond- 
iiig iiK^reases in the yields of other croj)s, for which the soil 
treatments an* r(\sj)onsible, indicate something as to the 
j)ossibilities of influencing the pnxluctive caf)acities of soils 
through the control of soil factors alone. It is essential to 
keep in mind, howev(*r, that th(* in(a*eased yields produced 
as a result of the ai)j)lication of fertilizers, manure and lime- 
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TABLE 11 

ImPROVEM 2NT IN YIELDS DdE TO SoiL TREATMENTS 

Average Acre Yields Ohio Experiment. Station, WtHistcr. Five-Year Rotation, 

1<HM) to 1U18 


Variation in Treatment 

j 

Corn, 

Bu. 

! 

Oats, 

Bu. 

Wheat, 

Bu. 

t!Iov(!r, 

Cwt. 

Timothy, 

Cwt. 

No fertilizer 

20 

30 

12 

12 

22 

Acid phosphate 

3-1 

43 

21 

14 

27 

PhoHfihate and f)otash 

43 

45 

22 

22 

28 

Complete fertilizer 

4S 

52 

31 

25 

31 

Fertilizer and limestone 

54 

53 

32 

33 

41 

Manure 

55 

47 

29 

34 

42 

Manure and limestone 

01 

4S 

33 

43 

1 

55 


stone may have their explanation in part in their capacity to 
modify the influence of the climatic, and biotic; factors. It 
must also be rcunembered that for any given jilant the cli- 
matic factors limit its distribution and that beyond a certain 
distance from the climatic crop (;cnt(;r the plant, may not 
thrive no matter how carefully the soil is managed. The 
farmer also has the alternatives of modifying the soil to 
fit the needs of a given crop or of choosing another crop 
which may be more nc'arly adapted to the soil under the 
(umroiiment in which it ha})pcus to be. 
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NITROGEN AND MINERAL REQUIREMENTS OF CROPS 

In order to reach some conclusion with reference to the 
nitrogen and mineral n'ciuirements of plants it seems desir- 
able to examiiu' rattier carefully into their composition as 
shown in the analytical laboratory. It is now recognized 
that such analyses do not nec(\ssarily gi\’e an exact index of 
the (luantitative need for the several ehmients, but. they do 
provide a elm* to jilant requirenamts and permit of fairly 
exact estimates of the amounts of the mineral nutrients 
nanoved from the soil. 

THE COMPOSITION OF PLANTS 

A large amount of analytical data is available on the 
comjiosition of jilants, much of which is of doubtful accuracy 
because of the neci'ssity of the use* by early analysts of 
methods which are now known to leave been faulty. Forbes 
has pri'sented analyses of some of tiie common Amei'ican 
cro])s made by the use of modern methods which should be 
correct, subject of course t<t the limitation that they rep- 
resiait only a relativi'ly small numlx'r of smnples. From 
these analyst's, su])plem(!nted where lu'cessary by thost* of 
other modem investigators, the following table showing 
the comi)osition of the corn, wlu'at and clover plants has 
been comjnled. Tin* (luantities of carbon, hydrogt'ii and 
oxygen were calculated on tlu' basis of the ratios m which 
they arc found in starch aitt'r having subtratded from the 
weights chosen the (iumitjties of nitrogen and of ash ele- 

10 
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monts which analyses had shown ihe plants to contain. 
These calculations are based admittedly on an incorrect 
assumption, since plants contain water, fats, proteins and 
other organic substan(!(!s, with varying ratios of carbon, 
hydrogen and oxygen. The figiires are of value, however, 
in showing the relatively large; amounts of these elements in 
plants. 


TABLE HI 

C'lIKMICAL C'oMPdSITlON OK (‘ollN, WllEAT AND ClOVKU 


Pounds ])(*r Ton of Produce' 



C^irn 

Wheat 

( ’lov(*r 

pjlciiicnts 









( irain 

Stover 

Grain 

St rjiw 

ll:.y 

Oxygen . 

<M> 1 

T) 

94;i 

(i 

907.9 

DtK « 

92S.7 

(’jirhon . ... 

sr»(i 

<) 

S4S 

I 

S9() 9 

sr)2 9 

s:g 7 

llydrojjitTi 

121 

" 

IIS 

1 

120 1 

119 1 

lit) r> 

Nilro^vii 

27 

s 

17 

r> 

:v,\ 0 

:> t; 

U 9 

Potussiuiii 

(i 

s 



10 1 

If) !) 

:g 0 

Phos[)li<)rus .... 1 

r» 

•J 

1 


7 1 

0 7 

3 

(Calcium j 

" 

2 

9 

1 

1 0 

1 1 

22 S 

Sul])hur . 1 

‘j 

9 


4 

•1 0 

1 ;{ (' 

3 T) 

Maj^ncsiuiii 

•> 

1 

1 

4 

2 () 

1 2 1 

T) 4 

Stxliuin 1 

0 

o 

1 


0 9 

■1 1 , 

1 2 

(’liloruK* 

I 

2 1 

T) 

7 

1 i\ 

;; 9 

1 1 7 

Silicon * 

0 

1 

l.'i 

7 

0 •» 

;{9 7 

2 3 

Iron 

0 

1 j 

0 

9 1 

i 0 2 

0 2 

0 9 


VARIATION IN MINERAL CONTENT OF WHEAT 

In order to determiiu' the* variation in composition of 
plants Forb(‘s analyzed samples of wheat selected from 13 
different jdots of the fertilizer series on the Wooster, Ohio, 
('xp(‘rim(‘ntal farm, ('alculated on the basis of the dry 
yveights f)f grain the content of tlu; several elements found 
in the ash varied as indicated in Table IV. 
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TABLE IV 

Ranuk in Mineual Composition of Wheat Grain (Foures) 
From 13 Plots Variously Fertilized, Wooster, Ohio 


Pounds per Ton of Dried Material 


Element 

Minimum 

Maximum 

I*er C^ent 
Variation 

Potassium 

S 84 

10.46 

18.3 

Phosphorus 

() 74 

8.12 

20.5 

Calcium 

0 8() 

1.14 

32 5 

Sulphur 

4 2(i 

Ti 16 

21.1 

Maf^nesium 

2 78 

3 08 

10.8 

iSodium 

2 2() 

3 36 

48.7 

Chlorine 

1 4(» 

2.24 

53.4 


FACTORS AFFECTING THE COMPOSITION OF PLANTS 

Within certain limits the content- of any one of the 
mineral elements in the plant is proportional to the (quan- 
tity of that (ik'iiumt available to the plant in soluble form. 
Pcmb(‘r found, for example, that when barley plants w(Te 
grown in (uilture solutions containing varying amounts of 
phosphates, tlu'y al)sorl)(^d, from th(^ solutions whicih were 
more concentrated with respect to phosphorus, approx- 
imately three tiiiu^s the (quantity of that (ih^nient as seemed 
to be recquired for oq^timum growth. To a certain extent, 
therefon^, it is possible to determine the amount of avail- 
able min('ral nutrients in the soil from an analysis of the 
plant, and su(;h a method of soil analysis has b(^en sug- 
gested. It is also probable that certain of the miiKTal 
elements are present in plants not because they are required, 
but because th('y an* dissolved in thc^ soil water and the 
plant has no means of pre^venting theur (^ntranc.(\ 

As would be expectcnl, jilants diff(;r in their composition 
deq^ending upon the species and variety to which they 
b(dong, their stage of growth at the time of analysis and the 
part of the plant analyzed. J^egume hays are notable for 
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thc'if high (‘ontoiit of nitrogen. They also contain consider- 
ably larg('r amounts of the ash elements than do the stalks 
of most other crop plants. Cereal straws are high in their 
content of silicon. Tobacco contains relatively large per- 
centage's of ])otassium and calcium. Considered from the 
point of \'iew of the (luantity contained in an acre of i)roduce, 
the cru(!if('rs are high in sulphur. Rape is an example of a 
non-h'gume having a nitrogen content eejua! to that of 
clover. The protein content of soybean seed has been 
reported to vary from 30 to 4/> per cent, depending upon the 
variety. Corresponding differ('iu‘(\s ha\'e been noted in the 
comi)osition of the seed and other parts of the several vari- 
eties of other crops. 

Ordinarily, the i)ercentages of nitrogen iind mincTal ele- 
ments in i)lants ar(‘ gr('at('st during tlu' earlier stages of 
growth, while starch a(^cumulat(\s mon^ ra])idly as the cro|)s 
mature. With the jmxluction of seed there is a movement 
of nitrogen, phosphorus and magiu'sium to this i)art of the 
plant with a tenden(*y to (*oncentrat(' in th(^ seed coats. 
Potassium and calcium tend to n'lnain well distributed 
through the i)lant, the major jxu’tion Ixang found in the 
stalks at the time of maturity. The relative rate of removal 
of the nitrogen and essential mineral elements from the farm 
in cro])s is d€*termin(xl, tluaefore, by what ])art of the croj) is 
sold. 


ESSENTIAL AND NON-ESSENTIAL ELEMENTS 

Arsenic, iodine, zinc and other elements of widely dif- 
ferent proi)erties are found in ])lants when grown on soils 
containing them. Th(' extent to which these elements func- 
tion in the plant is uncertain. A few of them have been 
shown to accelerate growth in dilute' coiux'iit rations and to 
be toxics when suppliexl in larger amounts. Some uncer- 
tainty also exists as to the function, if any, of sodium, chlo- 
rine and silicon. Plants have' been grown to maturity in the 
absence of th(‘s(' ('k'ments exce])t in such quantities as 
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unavoidably contaminate most culture solutions. Yet it 
has been shown that sodium can be substituted in part for 
potassium. Howev(ir, the elements which are of most sig- 
nificance by reason of their known specific fuiKttions are 
carbon, hydrogen and oxygen, which are derived largely 
from water and carbon dioxide, and nitrogen, potassium, 
phosphorus, cal(;ium, sulphur, magru^sium and iron, which 
are taken up in solution from lh(^ soil. 

THE MINERAL THEORY 

Under conditi(«'ns in whidi the soil has been farmed for 
some years and the virgin productivity has been consider- 
ably rcHiuced, it would be ex])ected that the yield of crops 
would be d(^termined in large part. l)y the quantity of that 
soil element which was presc^nt. in smalk'st ainoimt in avail- 
able form, as compared to the need of tlu' ])lant for it. This 
was the assumption on which Liebig based his “ Mineral 
Theory.’’ This theory stated that “ the croi)s on a field 
diminish or increase' in exact proportion to the diminution or 
increase of the mineral substance convert'd to it. in maiiun'.” 
If the stat(‘Tnen< of the* tln'ory were' made t.o iiudude all the 
factors related to tlie growth of crops, such as water, nitrogen, 
carbon dioxide, light, heat, soil reaction and others, it would 
be more nearly (*orr('(*t. 

Another j)hase of the imjblem wliiedi Liebig’s theory 
does not take int.o consideration is that any factor in excess 
may become a limiting factor. Further, even if all factors 
were supj)lie(l at the optimum the limit of growth of the 
plant is finally fixed by the ca[)a(*ity of the i)rotof)lasm to do 
work. Taking these ])oiuts into considei*ation, if all factors 
were at the optimum ex(*ej)t one, the yield of the crop would 
be expectc'd to be proportional to the quantity of that 
factor supplied up to the optimum. TTowever, all of these 
fact.ors are interrelated and the effect of a deficiency of any 
•oiK^ is determined by the nature' of its relatioushif)s to the 
others as well as by its own s})('cific. need by the croj). 
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EFFECT OF VARIOUS FERTILIZER SALTS ON CROP YIELDS 

Of interest in this connection are the data available from 
experiment stations showing the effect of fertilizer salts, 
when applied singly and in combination, on the yields of 
crops. An example of this may bo selected from the fer- 
tilizer series on the Ohio Experiment Station farm at 
Wooster: 


TABLE V 

Effect of Fejitilizeu Salts on Chop Yields (Wooster) 


19- Year Average Acre Increases — 5- Year Rotation 


Crop 

( 'heck 
Yield 

Acid 

I’hos- 

phate 

Nitrate 

of 

Soda 

1 

Muriate 

of 

Potash 

1 

Lime and 
Lime- 
stone 

All 

(Com- 

bined 

Corn, bu 

25 b 

8 (» 

0 0 

5 9 

5 0 

23 3 

Oats, bii 

dO 0 

11 () 

5 0 

3 4 

5 1 

18 1 

Wheat , bu 

12 2 

8 0 

2 2 

0 0 

3 5 

IG 2 

Clover, 

11 0 

4 0 

3 5 

1 0 

6 1 

15 8 

Timothy, ew't 

22 0 

3 0 

4 9 

0.5 

8 4 

11 G 


The data show that each fertilizer salt has increased the 
If the conception of one limiting factor operating 
at a time were strictly applicable, one would not expect 
nitrate of soda to inensase the yield when acid phosphate, 
as indicated by the effect of its use, was the limiting factor. 
Nitrate of soda may increase the solubility of soil phos- 
phorus. More probably the explanation of its effectiveness, 
even in the absence of acid phosphate, lies in some more 
complex relationship wdiich exists between the various min- 
eral factors which such a simple law does not explain. The 
stimulation of microbiological activituis and the consequent 
production of greater amounts of available nitrogen and 
mineral nutrients merit consideration in this connection. 
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THE SOIL-PLANT-SOIL CYCLE 

It has been found that crop yields can usually be increased, 
even in humid climates, by the addition of irrigation water. 
It has also been shown that plants are able to utilizi; carbon 
dioxide at a more rapid rat(‘ than it is supplied from the 
ordinary atmosphere. In humid climates, however, there 
is a normal water and carbon dioxide cycle whi(!h is com- 
pleted in a relatively short time. \^"ith those elements 
which are scicimed by jdants from th(^ soil the cycle of their 
return to the soil is much slowc'r and in large part never com- 
pleted, particularly in areas diwoted to cultivated crops. 
The problem in this (ias(' Im'Coiiics one of determining the 
rate at which th('S(! (“lemeuts can continue to b(i supplied 
to successive croi)s from the soil. Where soil has been under 
(iultivation for souk* years it is not uncommon, in fact it is 
the rule, that additions of soluble nitrogen, phosphorus 
and potassium and also the us(‘ of basic compounds of lime 
and magnesium will incnnise the yield. In some cases 
sulphur and in others salts of iron have been applied to 
good effect. 


THE PROBLEM OF SOIL MANAGEMENT 

In the managc’inent of his soil the intelligent harmer not 
only attempts to regulate* the rate^ at which the; essential 
mineral elements and nitiogen are yielded up to the crof), but 
also endeavors to regulate such factors as wat.(T, tem|)era- 
ture and soil reaction and to contred certain negative factors 
such as diseases and inse'cts. To a limited e.xtent it is also 
possible for him to control the supply of light and carbon 
dioxide. The problem is. ther(*fore, much larger than that 
of simply analyzing th(i plant, and returning the elements 
to the soil in quantities corresponding to their rate of 
removal. 
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CHAPTER III 


WATER REQUIREMENTS OF CROPS 

From 07 to 98 por cont of the com crop when harvested 
and air dried at iiiaturity is made up of oxygen, carbon 
and hydrogen in combined forms. Similar percentages of 
the other cereal crops and of the grasses are constituted by 
these tlmee elements. The (carbon is derived almost entirely 
from carbon dioxide whic,h finds its entrance into the plant 
by way of the stomatal openings in the leaves. The hydro- 
gen and oxyg('n are secured largelj' from water which is taken 
up through the root systems of plants. As a result of 
photosynthetic proccssc's in the leaves, simple organic com- 
pounds are produc(‘(l from these two substances which alone, 
or together with nitrog(‘n and the mineral elements, are 
later synthesized into th(‘ s<'veral more or less complex 
organic compounds found in plants. 

WATER AS A LIMITING FACTOR 

The supply of (larbon dioxides available h'r plants is not 
to any large extent under the control of the farmer. Experi- 
mental tests indicate that by incrc'asing the (ioncentration 
of th(' carbon dioxide in the atmosphere surrounding the 
])lant, both the rate of growth and the: total amount of pro- 
duc-e can be increased. The application of this to practice 
is limited almost, entirc'ly to greenhouse cropping. Water 
is of considerably greater importaiKU' than carbon dioxide 
in practice since; the (•{)j)ort, unities for controlling the* supply 
are abundant. Furtlu'miore, a deficiency of available water 
is probably more often a limiting factor in crop growth than 
any other one thing. Johason, writing in 1870, said: “ It 
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WATOl^ REQITIRFAIENTS OF CROPS 


is a well-rccognizcd fact that next to temperature the water 
supply is the most influential factor in the production of the 
crop/’ After studying the relation bc'tween rainfall and 
corn yields in the Middle West, Siiiith later showed that 
In a latitude and elevation faxorahle for the production of 
crops precipitation has first place and temperature second.” 

RATE OF TRANSPIRATION OF WATER BY PLANTS 

Numerous studi(\s have been made of the amount of 
water transpired by plants during their growing periods. 



Fig. 3.— “In m latitude and flovation favornl>l(‘ for the* production of crops 
pn'cipitation has first placa* and ternperaf urc second ” Map from 
Yearhook of r. S. D A. for Prjl. 


Among tlie more recent of these investigfitions may be men- 
tioned those of Kisselbtich, in Nt'liraska, who studi(^d in con- 
siderable d('tail the wat(T reciuirements of th(i corn i)lant. 
He found tliat tlu^ rate of 1rans])iration of water increased 
from week to week until the plant had developtxl its max- 
imum leaf area. During th(* fiv(‘ wtH^ks following this stage 
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of growth fully half of the total transpiration occurred. 
The actual amount of water given off varied from 230 to 
296 pounds for each pound of dry matter produced. Kissel- 
bach’s data would indicate that a 100-bushel com crop 
would require approximately 1300 tons of water, an amount 
sufficient to cover an acre to a depth of 11 inches. It is 
interesting to note that this is practi(;ally identical with the 
average total rainfall in the Corn Belt for the three months, 
June, July and August. 

CORRELATION BETWEEN RAINFALL AND YIELD OF CORN 

Smith found that the July rainfall was more important 
in the Corn B(‘lt. than that of any other month. C\)ncerniiig 
the corn yields in Ohio he writes that “ between 2 and 6 
iiK^hcs the yield mcreas(^s at an average rat(i of 2.5 bushels 
per acre for each increase of 1 inch of July rainfall.” If in 
addition the rainfall of June and August was considered, the 
acre production and j)recii)itation (urves for the 60-year 
period, 1<S54-1913, wen' found to be very nearly parallel. 
This corrc'lation betwc'C'ii rainfall and corn yield was found 
to obtain throughout th(' C\)rn Belt. 

The relalionshi]) ])etween rainfall and (torn yield is also 
very nicely shown in the records available at the Wooster, 
Ohio, experimental farm. The (torn, of which the acre 
yields are given below, was grown in rot-e.tion with oats, 
wheat, clover aiid timothy. The soil was limed and renteived 
a phosphat('-i)otash fertilizer. The opp(jrtunity for a lack 
of water t-o become the limiting factor was therefore con- 
siderably betti'r than it would be under average conditions. 

Th(t higlutst average yields ere producted at an average 
rainfall of 11.61 inclu's. The distribution of this rainfall 
within the thr('('-month petriod was of considerable impor- 
tance'. Thus the higlu'st yield produced in the 19 years was 
73.93 bushels p('r acre in a year in which the rainfall was 
*4.82, 3.32 and 3.58 inches for June, July and August r('sp(Xit- 
ively, while only 47.43 bushels of grain were produced when 
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WATER REQXnREMENTS OF CROPS 


TABI.E VT 

Relation between Rainfall and (.V»kn Yields, Wooster, Ohio 
June, July aiul August Rainfall — LirncMl and F(*rtilized Plots 


Number Years 
Included in 
Group 

i 

Average Total 
Rainfall, 

I nehes 

Average Acre Yield 

Grain, Bu 

Stover, Cwl-. 

3 

() 0() 

■Jti ()7 

IS Tvi 

4 

9 39 

4ti S2 

20 00 

4 

11 ()1 

62 (i3 

2S 45 

4 

11 96 

55 SI 

24 30 

4 

17 S3 

57 4S 

24 95 


the rainfall was 1.23 and 5.00 inches, respectively, for 
the same three months another y(yir. 


THE CRITICAL POINT IN WATER SUPPLY IN IRRIGATION STUDIES 

Some idea of the relationship between water supply and 
crop yield may also be s(*cured by a consideration of irrigation 
investigations of Western United States. Uhe point of great- 
est economic importance in th('S(‘ studies is that of determin- 
ing when to discontinue increjising the aj)j)lication of water to 
any one acre and to begin enlarging the acreage under cul- 
tivation. Incidentally these stuflit's show the criti(!al point 
with additional increments of watiT. The following data 
chosen from the work of Harris and Pittman in Utah are 
typical. The soil in this case was well manured so that a 
lack of mineral nutrients and nitrogen did not operate to 
limit the growth of the crop. 

The ojitimum quantity of irrigation water, as nearly as 
the test indicates, was 20 inches which, together with the 
2.65 inches rainfall, makes a total of 22.(55 inches. Experi- 
ments with other crops showed similar jiroduction curves, 
the critical point varying with the crop. The explanation 
of the critical point will be considered later. 



CROP DISTRIBUTION AS RELATED TO RAINFALL 23 


TABLE VII 

Yield of Corn with Varyino Amounts of Irrigation Water 


Six-Yojir Average Acre Yields — Utah 


Irrigiitioii W’uter, 
Acre Inches 

( Iniin, 

Bii. 

Stover, 

Cwt 

0* 

75.9 

7S 4 

r» 

91 4 

S9 7 

U) 

92 5 

S5 0 

20 

99 1 

97 1 

m 

95 7 

95 4 

'10 

90 0 

90 0 


j 

J 


* .Tuiif*. -lulv Hiid AiiKUst minrall iivoruKr total 2 (ir) iiiclu's AvrraKO total yearly 
rainfall 17 12 iiichos 


CROP DISTRIBUTION AS RELATED TO RAINFALL 

Considerable attention has been giv'cn to the water 
requireiiKMits <tf the corn crop by reason of the very general 
importance* and distribution of this crop in the United States. 
The water recjulrements of other crops differ somewhat from 
those of corn, but within the area best suited to any crop 
water is likely to be a highly im])ortant luniting factor. As 
compared with t('m])erature and other cluiiatic factors tlie 
imj)ortance of rainfall can be seen in the fa(;t that dc'serts 
and jiopukms agricultural sections often extend at nearly 
right angles to the climatic zones. Patssing westward in 
the United Stat(*s from the humid to the arid sections there 
is a gradual change in t he priidominant type of natural vege- 
tation and of culti\'ated enjp. Thus as the available water 
supply b(*comes more luiiited, kaffir corn and milo maize 
take the place of crirn. Under conditions in which the 
wet seasons are too short, for whent, barley may be substi- 
tuted. Finally the xerophytic plants such as cactus and 
sagebrush entirely take the place of the ordinary crop plants 
and the desert begins. 
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WATEH UEQUIKEMENTS OF CHOPS 


AN ECOLOGICAL CLASSIFICATION BASED ON WATER 
RELATIONSHIPS 

Most of the crop plants and the more valuable forests 
belong to the ecological grouji known as the mesophytes, 
which occupy in their water relationshii)s an intermediate 
position between the xeroi)hytes and the hydrophytes. 
Typical members of the last-named group are found in 
such plants as water lilies. Of the hydrophytic plants of 
agricultural importance may be mentioned swamp rice and 
cranberri(\s. These* crops are grown with greeitest suceicss 
under conditions of wai.(‘r supjdy which would ,j:)e fatal to 
the staple farm crojjs. Xe'ropliytic plants are also found 
distributed through the* humid n'gions on roeik surfaces or 
in locations where* the* water holding capaedty of the senl 
is very small. gooel re\iew of the* water relationships of 
plants is giA'cn by Duggar. 

THE RAINFALL-EVAPORATION RATIO 

The air is in compelitiem with the* jdant for that wate*r 
'Which the soil retains in oi)pe)sitie)n to the pull e)f gravity. 
The rainfall-evaporation ratio is there*for(* more mipe)rtant 
than the te)tal rainfall. Tltis ratio is founel to vary from 
more than one in the* typie*al forest ce*nte*rs e)f the* .Atlantic 
seiaboard, the (lulf ('oast and the* (Jivat bakes region and 
fre)m O.C to O.S in the* natural prairie* sectiems of le)wa and 
Illinois, on down to the; el(*sert which may be* sjiiel to begin 
when the* ratie) falls tee less than 0.2. The quantity of 
water required for irrigatieai j)urposes in the ariel re*gie)ns is, 
theredem*, i'.e)t a reliable* guiele* to (he amemnt e)f rainfall 
reeiuire;el for eeptimum grenvth eef the* .same ciop in humid 
clunatcs. In the absence* e)f e)])pe)rt unity te) sui)ply water by 
irrigation, the distributiem eef e;re)ps as be;twe*e;n semi-arid and 
humid climates will be elete*rmine',el quite; largely by the 
wate*r requirements of the croi)s anel the rainfall-evaporatiexn 
ratio. 
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son, MANAGEMENT AS RELATED TO WATER CONTROL 

The farmer is abh^ to exercise some influence over the 
rate of evaporation of water from the soil. He cannot 
reduce the rate of transpiration of the crop, although Kissel- 
bach’s work showed that the amount of water required 
per pound of drj' matter was very materially reduced with 
an increase in the productive capacity of the soil. There is 
considerable opportunity to increase the mnount of available 
water in the soil by |)roper methods of soil management 
related to the control of watcT secured from rainfall. licyond 
these possibilities there is still a chance to sclcxit a crop 
adapted to the water relationships that obtain. When the 
cost of managing th(' water supi)ly in tin* soil reaches a cer- 
tain point, in any given case, there may be opjwrtunity for 
choice between cro])s in which th(' oiu' best, adapted to the 
soil without furtluT (ixpenditure to regulate tlu* water supply 
may be sel(!ct(*d. Ordinarily, the larnK!r finds one of his 
most (effective means of incrciising yields to be some system 
of aitificial drainage, which has for its primary purpose the 
control of the water supply in the soil and which is effective 
as a means of fjrevonting injury from drought as well as 
from excessive I’aiufall. 
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CHAPTER IV 


ORIGIN AND CLASSIFICATION OF SOILS 

Soil is the resuiue loft behind hi the disintegration and 
decomposition of rocks, mixed with varying amounts of 
plant and animal refuse. If the proc(*sscs in operation 
are largely physical, as may be the cas(^ in arid regions, the 
soil will resemble the parent rock quite closely both in 
its chemical and mineralogieal composition, the differences 
being chiefly a matter of fineness of division. If, in addition, 
the rock particles have been subjected to the solvent and 
leatihing action of water containing carbonic and other acids 
and various salts in solution, such as occurs in hmnid regions, 
the soil may become largely an accumulation of fiiieily 
divided, relatively iicsoluble, mineral residues which bear little 
chemical or mmeralogical rescmiblance to the origmal rocks. 
With the extension of the time element during whicdi the 
physi(^al and chemical processes continue to be in operation 
and the biological agencies become increasingly active, there 
is a tendency toward the production of a more or h'.ss uniform 
soil product no matter what the original rock may have been. 

SIMILARITY OF COMPOSITION OF SOILS 

The tendency of mineral soils to be similar in chemical 
composition, irrespective of their source of origin, is very 
nicely shown in the following table the contents of which 
were chosen from Bennett’s comi)ilation of soil analyses. 
Four series of soils arc repnisented, the original rocks from 
which the series were derived being granite, sliale, sandstone 
and limestone, respectively. 
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TABLE VIII 

Similarity of Chemical Composition of Soils * (Bennett) 


Derived from Widely Different Rocks 


Original Rock 

(Irani to 

Slialo 

Sandstone 

Limestone 

SiOo 

()(> -R) 

SO 00 

74 

70 35 

A1..0, . . 

17 11 

■1 SO 

11 00 

S.80 

I'cnI )., 

7 4:i 

2 S() 

4 M 

4 44 

MrO 

0 :n 

0 4:j 

0 (iil 

0 30 

( aO 

0 ;U) 

0.71 

MS 

0.03 

N’lizO 

0 K) 

1 07 

1 oS 

0 24 

KjO 

0 iV2 

0 01 

1 r,7 

0 07 

P-/)., . 

0 20 

0 07 

0 10 

0 IS 

Scri(^s 

( '(*cil 

(‘liorokoo 

Penn 

Decatur 

’'IVxIdirc 

( -lay 

Sill loam 

Sill loam 

Clay loam 

Samjdo d(’i)th (in ) 

0 T) 

0 0 

0-0 

0-4 


* Tin* ninjff III <‘(mii)ositK)n of soils from jin.\ o rluss of rocks is ofti*n Rreator than 
that of soils (IcriM'd fr<»iii difTciciit idasscs of ro«*ks. 


CHEMICAL COMPOSITION OF SEVERAL CLASSES OF ROCKS 

Coiisiderul ion of the avenige analyses of the several 
classes of rocks, as given by (Clarke, irulicates that the orig- 
inal rociks, from which the above soils weix; produced, must 
have varied considerably more in tlnar chemical composition 
than did the soils which wen* derived from them. Of these 
four classes the gi-eatest variations are found betwtien igne- 
ous locks and limestones. In the formation of soil from 
the latter class of rocks, all of the carbonate's may be eventu- 
ally leached away with the result that the soil is largely an 
accumulation of imimrit ies. 

To a certain extc'nt what has been said concerning the 
similarity in chemical composition of mineral soils holds 
true also with regard to th(*ir jiliyisical and biological compo- 
sition. .\11 of the agencies acting on rocks to produce soils 
tend to effect a reduction in the sizes of the particles. All 
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TABLE IX 

Percentage Chemical Composition of Rocks (Clarke) 


Oxides 

If'lU'OUS 

Sluiles 

SiiTidstonos 

Limostonps 

SiOo 

.v.t >s;{ 

.'■(.K 10 

7s :v.i 

5 19 

AljOj 

14 i)« 

If) 40 

4 77 

0 81 

Fe.()a . . 

2 (i;*) 

4 02 

1 07 

0 ,54 

FeO 

'A n \ 

2 1.5 

0 :{() 


MpO .... 

SI 

2 41 

1 10 

7 89 

CiiO 

4 SI 

11 

5 .50 

42 .57 

NiioO 

.4 ‘M \ 

1 :jo 

0 1.5 

0 0.5 

KoO . 

2 1)0 

:{ 21 

1 :u 

0 .4.4 

COo ... 

0 4S 

2 

.5 0.4 

11 .54 

P 2 O, . . . 

0 20 

0 17 

0 OS 

0 04 

SO.*, . . 


0 04 

0 07 

0 0.5 


soils, tlKTcfore, are conliuually being reduced to a finer stale 
of division. These fine particles of soil are distributed by 
wind and water and their biological population is carried 
with them with the result that soils tend also to have a com- 
mon microscopic flora. 

DIFFERENCES IN THE COMPOSITION OF SOILS 

Notwithstanding the tendency in the direction of uni- 
formity, the diffej-ences in soils at any given time arc many. 
Some of these luv, apj)arent to e\di the casual observer. 
Others are brought to light only with more careful laboratory 
study. Th(\s(; diff('r('n(*('s are physical, chemical and bio- 
logical. They are rc'Hected in the adaptability of soils to 
various crops, oi* in their im>ductivity foi* some gi\'en (Top. 
It will be recalhnl, how('V(T, that (*roj) growth and distribu- 
tion are dc^tc'rminc'd by the intcTaction of s(‘veral groups 
of factors of which the* soil group is only on(\ These othcT 
factors not only affect th(^ (?rop directly, but also indirectly 
in their influence on th(' propcTties of th(' soil. TIktc is the 
furtluT (‘oniplication in the fact that soils vary within wide 
limits as to age, and all degrees of d(‘gradation of soil par- 
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tides will therefore be found depending upon the time 
factor. A good discussion of the factors iiivolvc^d in reducing 
rocks to soil is given by Merrill. 

SOIL SURVEYS 

Soil surveys have for their purpose the classification of 
soils acc-ording to some scheme which will have an agricul- 
tural significaTic-(\ '^rhe more recent tendencies in survey 
methods are in the dire(‘tion of (‘onsidc'ring the soil as it 
now exists, the n'suH of agcnedc's of formation and the cli- 
matic conditions to which the soil material has been sub- 
jected. Coordinate with soil surv^Ws are the geological 
and (•limatologi(^‘ll sm veys which are under the direction of 
separate govea'innental ageaicies. 

CLASSIFICATION OF SOILS 

In the classification of soils l)y survey methods an attempt 
is made to arrange' them in groiii)s that have in common 
certain physical properties which can be rather easily recog- 
nize^d and difh'rent hited in the field. Soils show conside'rable 
variation in the size and arrangement of their constituent 
particles and in the (rolor of the surface and of the several 
zones of the soil profile'. Certain very simjde (rh(ani(fal tests 
arc usable in the field by which the content of ciarbonates or 
the degree of acidity can be estunated. The natural vege- 
tation is alst) moiv or h'ss of a reflection of the physical and 
chemi(;al propertic's of the soil as th('y afh'ct the nature of 
the soil solution vith vhich the roots of plants are in con- 
tact in any gi\'en climatic environment. 

The soil siii*v('y worker recogniz('s that the explanations of 
the difTerenc('s in soils noted in the field or discovered in the 
laboratory are to lu' found in the original rocks from which 
the soils were' (l('riv'('d, th(' ])}iysi(*al, (^hemi(^al and biological 
agencies operating in their formation and lo(;atioL, the cli- 
matic* influenc(^s which have surrounded them and the length 
of time which has elai)sed since the soils became located in 
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their present position. For this reason soils of widely dif- 
ferent origin are not grouped together even though they may 
bear a very close superficial rescuriblance to each other. 
The survey worker anticipates that important differences 
in the properties of such soils will subsequently be dis- 
covered by more elaborate laboratory tests. 

SOIL PROVINCES 

Three terms which early came into use in the classifica- 
tion of soUs by the Bureau of Soils of the Ihiited States 
Department of Agriculture are province, series and type. 
Gradually these terms have come to ha\'e more and more 
specific meanings so that they may now be defined as fol- 
lows: 

Province refers to a large land area in which either the 
mode or the source of origin, or both, of the soil have been 
quite similar throughout. Thus the Glacial and Loessial 
Provimre of the Bureau of Soils includes the (‘iitire land area 
in the United States over which the glacial process('s w('rc 
most important in the formation of tlu' original soil. The 
loess soils are associated with the glacial soils by reason of 
the theory that these wind-blown deposits hail their origin 
in glacial dust. The Limestone Valleys and Uplands 
Prov'ince soils have a common source of origin in limestone 
rock, 'rhe word region is substituted for province in those 
areas in which the survey has not been extended sufficiently 
to permit of cla.ssificalioii according to any well-defined and 
connnon mode or source of origin. The climatic factor is 
recognized in i)art as, for example, in the region known as the 
Arid Southwest. 


THE SOIL SERIES 

Series refers to a grouping of soils within a province all 
the units of which have in addition to a similar mode and 
source of origin, similarity in range as to depth, color and 
structure of the surface soil and of tin* si'veral horizons of 




Fio. 4.~“Proirinee refers to a large land area in which either the mode or the w 
is substituted for province in those areas in which the survey has not been 
mode or source of origin.” Map from BuL 96| Bureau of 8oilS| U. S. D. A. 
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the subsoil; in topography; in drainage; in content of car- 
bonates or in degree of acidity. The name applied to the 
series is that of tin; location in which it was first recognized 
and mapped separately. The soils grouped under each 
series are limited to those which meet the specifications as 
finally agreed upon by the survey workers. The Miami 
Series of the Bureau of Soils refc'rs to a group of soils which 
was first definitely re(;ognized as such in the watershed of 
the CJreat Miami River. B(*ing in the Glacial and liOcssial 
Province the mode of origin is defined in this case by the 
first part of the' province name. The source of origin was 
largely the underlying Ihnestone, mixed with varying 
amounts of igneous material carried by the glacier from 
farther north. Th(^ soil is defined as bemg of a gray brown 
color with a mottled yellow and gray subsoil. The topog- 
raphy is given as gently rolling and the drainage as fair. 

Similarly, Dekalb Series r(‘fers to a grouj) of soils in the 
Apjialaehian IMountain and Plateau Province the members 
of which are of r<'sidual origin; are derived from sand- 
stone and shale: have a yellowish-brown surface soil and a 
yellow subsoil which contains fragments of the parent rocks. 
The b)pograj)hy is defined as hilly and the* drainage as very 


VaUIATTON'S 1.\ St>Ml. C'lI.AUAGTKIlISTK’.s OP TtHTl IMPORTANT SoiL SeUIES 


Soil 

' 1 

1 

' 2 

o 

I 

4 

Modi* of orijjin 1 

( ilaeial 

dlaeial ! 

(ilaeial 

K(\sidual 

Source of onjriTi 

Jdinoloiie 

lamest one 

Sandstone 

Sandstone 




and shale 

and shale 

( ’olor of soil 

dray Itrowii 

Hlaek 

dray hrown 

dray brown 

C'olor of suhsoil 

Yellow and 

Flue, j^ray 

^ (‘How and 

Hrown 


p-iy 

and >elIow 

^ray 


Hcjiction 

Not aeid 

Not aeid 

Arid 

A l ilt 

'] opop'Mpliy 

dently rolling!; 

Levt‘l 

dently rolling; \'('ry rolling 

J)r:\iiinj!:c 

Fair 

poor 

I'^ur 

f ulod 

Scri(*s name 

Miami 

(Myde 

Volusia 

Dekalb 
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good. This series was first re(*ogTiizod and mapped sop- 
aratelj^ in Dekalb County, Alabama. Recognition is given 
in the different serii's to other groups of (characteristics that 
are sufficiently well defiiu'd and tlie soils of which covijr 
large enough aivas to justify separate classification. 

The variations in soils whi(*h are us('d as a basis for their 
classification into scM-k's is illustratcHl at the liottom of page 31 . 

It is (widiuit lliat difTen'iurs in (*olor, in mode or source 
of origin, or in otluT i-esjx'cts, may be sufficient to warrant 
separation of soils into sc'ries. 

THE SOIL TYPE 

The unit of soil (classification is the type. The serk's are 
dividend into tyjK's hy tlie Hurear of Soils on lh(' basis of 
texture. Thus the Miami Seri(\s includes ]\Iiami loam, 
Miami clay, jMianii s^ind and other type's which represent 
various jK'rcccntage mixtures of tlie difh'ient sizi'd jiarticles 
of soil. Hy definition a total of at Ic'ast 12 ty])es is possible 
in any s(^ri('s providing tlu're is suflici^'nl variation and range 
in tc'xture in tlie soil includi'd in tlu* seri(‘s. although all the 
possible variations in t('xture are s('ldoni I’c'alizc^d in a given 
series. 


NATIONAL AND STATE SURVEYS 

Foj’timately in the Tnitc'd States, tin* l'\'d(*ral Ihin'au of 
Soils (‘ooiK'rating with tlu' .'^('V(Tal stat(‘s has bec'ii abk' to 
standardize the iiK'tlKHls and noni(‘nclatur(‘ of soil classifi- 
cation. The unit of the soil siirvc'y is tlu' county. In sonu' 
states a preliminary icconnaissance sur\'(‘y has been made 
followed by more' detaik'd county survews. As would be 
expect('d. the survey is ik'Vct coin])let(* for the* ncason that 
continued study of tin* probk'in jnak('s r('-survfcy on the 
basis of a better undc'j-standing of the soil relationships 
desii’abk'. 

The soil surv('y is of particular significanc*e in tluc earlier 
stages of tluc agriculture of any state or nation. As farming 
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becomes more intensified the soil is modified by the farmer 
to suit his needs. Original differences in soils sufficient to 
permit of their being classed in separate series may be 
almost entirely overcome. Thus the chemical composition 
of soils may be changed materially through the addition of 
fertilizers and the growth of clover. The soil reaction may 



Fig. 5. — “Tlio inon' rcfoni fcridoncies in survey methods are in the direetion 
of considering the soil :;s it now cxi.sts, tlic n'sult of apeneies of formation 
and of the climalic condiljons to which tin* soil lias laM'ii subjected.’^ 
Mat) ^^roni Yearbook of T. S. D. A. for 1921. 


be controlled through the use of sulphur and limestone, 
(’ertain j)hysical projx'rties of soils can be masked by the 
use of tile or by increasing their content of organic matter. 
Even the climatic factors which indirectly affect the soil 
may be partially regulated by irrigation and drainage. 
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CHEMICAL COMPOSITION OF SOILS 

The rocks from which sf)ils arc formed differ funda- 
mentally in th('ii‘ miiicialoffical ami therefore in their chem- 
ical c(un])osit ion. laniestone may he almost pure carbonate 
of calcium and magnesium. CJranite is com])osed largely 
of quartz, orthoclas(‘, and jdagioclase with sTnailer amounts 
of hornblende and mica. Other types of rocks are differ- 
ently constituted, lii t he proces." of soil formation these 
minerals undergo ch'com posit ion, but at any given time all 
stagi's in th(‘ j)rocess from the original undecomposed mineral 
to the ultimate pn*(lucts of decomposition may be found in 
the soil. It nould be expected, tlx'refore, that a mim'ralogical 
analysis of a soil would provide a clu(‘ to the sourc(' of origin 
of the particles in the soil. 

MINERALOGICAL ANALYSIS OF SOILS 

Notwithstanding the great differences in mineral compo- 
sition of rocks it is rather surprising to find that most of 
lh(' common rock-htrmiiig mineials are rather generally 
ili.stributed in soils. This is well shown in the work of 
Mc( augh('y .‘ind \\'illiam, who examined 2') samples of soil 
r('prescnting as many difTen'iit series recognized by the 
Hureau of t5oiIs and found tin* following mineral distribu- 
tion: 
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TAHLJO X 

The DisTUiuinMON ok Mixekai«s in Soils (MrCAiKjHEv) 


Twenty-five Soils Typical of as M.'uiy Serii^s 


Mineral 

Present 

Abundant 

Oxides Contained 

Quartz 

25 

*>5 

Si 

Hornblende 

2;{ 

12 

( 'a-Mp- Fe^Si 

Orthoclase . 

20 

M 

K A 1-Si 

Mieroeline.. .. 

20 

10 

K A1 Si 

Epidoto 

24 

S 

(’ii-AI Si 

liiotite 

21 

s 

K Mp-1'\-Al Si-H 

Muscovite 

20 

(■) 1 

K Al-Si 11 

Zircon 

*>•> 

1 

Zr Si 

Chlorite 

21 

2 

Mp IV A1 Si H 

Tournialine 

21 

1 ; 

\a AMI- Si-H 

Rutile 

17 

0 

'fi 

Plajsioclase 

la 

5 1 

Xa-(V-Al Si 

A fiat it e 

1-^ ; 

1 

0 : 

1 

(a-P-lF C\) 


EFFECT OF WEATHERING ON SOILS 

In the pro(*ess('s of \v{‘ath(Tin«; and leaching in humid 
climates, the soluble comiiounds are removed in the drainage 
water while relatively insolul)le residues accaimulate to form 
soil. Thus a soil of limestone origin may contain no car- 
bonates. A soil of sandstone origin may differ very little 
in chemical composition from that of the original rock. A 
soil of granitic origin tends to lose its base's in the' form of 
carbonates. As a result, silicon, aluminum and iron, in the 
form of oxides or hydrated silicates with re'latively small per- 
centages of the basic elements calcium, rnagiu'sium, sodium, 
and potassium, teaid to constitute the major portion of the 
soil. IIoweveT, no two soils are ev(T (*xactly alike in their 
chemical composition, siiu'e their rock and rniiK'ral origin 
and the combinations of force's o-perating in their feirmatiem 
and alteaation, inclueling the clement of time, are never 
identical. 
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CHEMICAL ANALYSES OF SOILS 

Some idea of the variation in chemical composition of 
soils may be secured by a study of the analyses of 1 26 sam- 
ples of soil subjected to chemical examination by Ames and 
Gaither. These s^xinples were selected from as many dif- 
ferent points in Ohio and represent considerable variation 
as to mode and source of origin. Some of them are glaciated 
and others non-glaciated. Some are derived from mixed 
igiK'ous and sedimentary ro(^k while oIIkts have been derived 
largely from limestone or from sandstone and shale. The 
following table shows the highest and lowest quantities of 
each element found in these analyses : 

TAliLE XI 

VAItlATlON' IN r'lIIIMK’AL COMPOSITION OP 12() OlIIO SOTLS ("AmKS) 
l^)Ull(I^ of Kleinonts j)cr Two Million of Surface Soil 


Klciiicnl 

Maxiinuin 

i Minimum 

Silicon 

7S7,00(1 


Alurriiniuin 

l.S4,(H)l) 

40,000 

Iron 

tS9.4()0 

21, (XX) 

Calcium 

i:r2,(K)() 

3,500 

l’otjis.sium 

.^o.SOO 

22,000 

Mai^ncsuim 


5,210 


lli.hU) 

1,348 

Phosphorus 

(MKK) 

500 

Sulphur . . 

l.(K)0 

400 


Miii'ks ;iri(l iMMts r\(*lii(liMl fr i table 

The iunotints of silicon, ahiiiiiiiiuni, iron and potassium 
arc relatively high in both coluinns. The elements sulphur, 
phosphorus, nitrogen, calcium and magnesium are present 
in only very small percentage's in the second column. Keep- 
ing in mind th(' chemical reeiuirements of plants as indicated 
by their analyst's, it would seem logical to expect that the 
latter group comprises those elements which arc most likely 
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to be jiresent in too sniall amounts in av^ailable forms, in 
poorly niana^(‘(l siuls, to satisfy the reciuireinenls of rapidly 
growing croj)s. 

SOME EXCEPTIONAL SOILS CHEMICALLY 

Certain soils have been found which are exceptional in 
their chemical (‘omposition. Beach sands, for example, liave 
been shown to contain as much as OS per cent and more of 
silica, which limit ^ the amounts of other soil comjKUinds to 
very small ])ercentages. The ])hos])horus content of the 
soils of the 'IVenloii area in Kentucky are rej)ort(‘d by 
Averitt to average 0100 pounds per two million |)ounds of 
soil. In no case was the amount jm'seiit l(\ss than ‘JtiOO 
pounds and in certain cas(\s th(‘ amount found was as liigh as 
23,000 i)ounds per two million of soil. The suli)liur (‘ontcait. 
of certain Oregon soils has been r(‘])ort(al to lu' as low as 
O.Olo per cent. \T'gin soils of lim(‘sion(‘ oiigin ar(‘ fre- 
quently found to (‘ontain suflicient eal(*iimi (*arl)onat(' to 
effervesce co])iously on the addition of hydi’ochloric acid. 
Some unproductix'e l)lack soils repoj*t(Hl by Comaa* and 
Abbott were found to hav(* a niti-ogtai contcait of laatrly 
4 per cent and a potassium contetit of only ])(‘r c(‘nt. A 
good revi(wv r)f oui* knowledge* of tla^ elaanical ce)m])ositioii 
of srdls troiii various sourcevs i^ gi\'(ai by Hopkins. 

CHEMICAL COMPOSITION OF SUBSOILS 

While analy^(‘s of soils are commonly j’(‘])ort(*d in tcaans 
of th(‘ iiumlM‘i- of ])ounds of each eh*ie(‘ij1 in two jnillion 
pe)un(ls of surface* soil, an amount supposeal 1o r(‘pr(‘S(‘nt 
the j)low depth of an aci'eof soil, it is a w(‘ll-known fact that 
th(‘ subsoil contains additional amounts of tli(‘s(‘ same (*!(*- 
meiits which may la* of usc* to plants. In g(‘n(*ral it may Ik* 
said that tin* nitrog(*ii, j)hosphorus, and sul])hur a?-(‘ con- 
('(‘iitrateal in t}i(* surface* soil. Potassium, iron and alu- 
minium arc more* abundant usually in tlx* subsoil. \\dx‘r(^ 
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soils are of limestone origin, it is quite common to find that 
the surface soil is acid while the subsoil contains an abun- 
dance of carbonates. 

RARE ELEMENTS IN SOILS 

Robinson has reported that soils contain varying amounts 
of manganese', titanium, chromium, vanadium, zirconium, 
molybdenum, nickel, cobalt, barium, strontium, lithium, 
rubidium and often trace's of e)ther ele'inents, depending upon 
their origin. Of these, manganese is the only one which has 
been creeiited with any functiem in plants, but its status in 
this cemnection is ne)t well established. These e'lememls may 
be eiisregarek'd until such time as aelditiemal evielence may 
be present eel which woulel make any of them appear to have 
a positive effect em plants. 

METHODS OF CHEMICAL ANALYSIS OF SOILS 

Chemical analysis e)f a seal for total e'ontents of the 
several constituc'iit elements is of little value as a guide to 
its immediate producti\X' cai)acity. The e^arly re^ajgnition 
of this fact le'd chemists to atte'inpt to determine the amounts 
of the essential elements which were ])r('sent in available 
forms. In doing this, use was made of dilute solutions of 
citric, oxalic, nitric and carbonic acids as soil solvents. 
Later the American Association of Official Agricultural 
Chemists adopted hydrochloric acid of sp. gr. 1.1 l/i as the 
standard soil solvent by the use of which it was hoj)ed to 
effect a separation of that part of the total supjdy of essen- 
tial elements which might be* assumed to have a value for 
plant use, with good soil management, in any reasonable 
length of time. 

Most of these methods of ('xtra(*tion have been of value 
in a comparative way wh(?n emj)lo 3 '('d by ch('mists in the 
study of series of soils. Used in connection with field 
observations and gre(‘nhouse or ph)t studic's th('y have pro- 
vided reliable clues to soil deficiencies. Unfortunately so 
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many different methods, or modifications of the same 
method, have been employed that th(^ student of soils finds it 
difficult to correlate the data now available. Furthermore 
there has arisen considerable doubt as to whether there was 
anything to be gained for practical purposes by choosing 
an empiri(;al method of extraction with some arbitrary 
solvent ov(ir the absolute method of analysis originally 
emi)loyed. 

INTERPRETATION OF CHEMICAL ANALYSES OF SOILS 

The chemist who adoi)ts the absolute method of analysis 
recognizes that a (‘-onsiderabh' ])erceiitage of the total amount 
of each ess(*ntial (^lemejit is only very slowly soluble. How- 
ever, it s('ems reasonable t.o believe that if one soil contains 
twice as much potassium as another soil of the same physical 
characteristics, tlu* first can be made to yield up more of 
this ehanent to the plant than the second by the same system 
of nianagemeiit, although not necessarily in the ratio of 
two to one. If the content of phosphorus is extremely low 
as compared to th(‘ a\'(Tage soil, it is likely to be more eco- 
nomical to add tliis (‘lemeiit in commcTcial form than to 
attempt to make a suflicicait amount available from that in 
the soil. Similarly studies of the total content of nitrogen 
and of the total caihonates present, or recjuired to bring 
the soil reaction to the neutral point, arc' of very definite 
value ill rc'ac'hiiig a conclusion as to the practices to be fol- 
lowed in imjiroving the croji-producing cai)acity of the soil. 

SOIL ANALYSES AS A GUIDE TO PRACTICE 

If the analysis of a soil is to be of any considerable value 
as a guide to practice, the sample must be choi^en under the 
direction of someone who ajijireciates the limitations of the 
(}uantitative method of study. Soils A^ary in their chemical 
composition from point to point in the same field. Their 
composition changes with dejith. (^uite often the subsoil 
is well suiijilied with carbonate of lime which may be entirely 
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absent from the surface soil. For this reason a sample for 
examination should bv^ chosen to some standard depth and 
in such a manner as to b(' representative of the area sampled. 
By reason of tlie lart!;e amount of analytical work whi(!h 
has been done and tlu' systematic classification of soils by 
the survey method, it is i)ossil)le for the inan who is familiar 
with the data available on the sul)ject, if he knows tlie loca- 
tion of tli(' farm from which the sample was selected, to 
judge the (juality and anticipate* the* needs of the soil from a 
more or le.^s sujKTficial examination. Ordinarily" the acidity 
test, the color, the fe(*l of the soil bet\\een tlie tJiumb and tlie 
fingc'r, and a knowh'dge of the cro]) or crojis to be grown 
constitute a relialile guide to the system of soil management 
^^hich will meet the reeiuirements for larger yields. 

nKFJ':iu:NCJ:s 

1 Alne‘^, J W , and (iaitlivT, K W S(nl invo^l ifratioiiK Ohio Agr I'aj) 
sta., Hul 2u\, 

1? Aventt, S D The (»f Kcnujcky KontucKy Agr Kxp Sta , Jiul 
19:;, 191“) 

(‘oiiiKM, S D, and Xhlujtt, ,J H Vnprodnet jvf l)la(“k soils Indiana 
Agr Exj) Sta , Hul 1“»7. 191. 

•1 lIopkin>. C C Soil I'Vrl liny and IVrniancnt Agncullun* (Jinn and ('o , 
jip .'is-KMl, 1910 

.'j Ihihinx)!), W n Th(’ iiK'rgann* foin])OMtion of >oni(‘ iinportanl AnaTjean 
m)iK ESI) \ . I9il 12L^ 1911 
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SOME BIOLOGICAL PROCESSES IN SOILS 

Eauia in the study of soil .science it was found that 
organic matter was an especially im])ortant con.stituent in 
.soils and that tlnar productivity was more or le.ss directly 
related to the amount of this material in them, hater it 
was discovered that this organic matter served as a .source 
of food for growth and energy of large numbers of micro- 
scoj)ic organi.sms Avhich inhabited the soil. Still later it 
was found that certain groups of these organi.sms had spe- 
cial functions to i)erform which made them directly essen- 
tial to the growth and well being of higher plants. Inves- 
tigators succ(‘eded in isolating members of thes(' groups of 
organisms, studying them in ])ur(* cultures and determining 
ratluT definitely tlu'ir six'cific nxiuirements. Finally, the 
<‘oiiclusion ^\as reaclu'd that a systematic classification of 
soil organisms was (h'sirable if it could be accomplished. 

BIOLOGICAL ANALYSIS OF SOILS 

Preliminary to any systematic classification of soil 
organisms it has Ih'cii necessary to study various kinds and 
([ualiiies of media in order to determine which one or ones 
are be.st suited to j)ur])oses of isolation of organisms from the 
.soil. Invest igati(ni has shown that no medium can be 
s(“lected which will meet the nxiuirements of all the species 
of organisms which inhabit the soil. C’onsequently the 
medium ordinai’ily us(“d is oiu' which will yi(‘ld tin* largest 
number of coloni(‘s on a bacterial plate jiei’ unit of soil. 
The medium .suggested by C'onn for this jnupose is made 
up as follows: 

4a 
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Mj:dium fou pArTKitiAL CViuNTs IN Soils (Conn) 


Dislilloil watiT lOOO i*.c siilpluito. . . . 0 2 gr 

Apiir 12 p*. CVU’iuni cliloridi* 0 I ^r- 

Sodiiim M spam 1^111 air 1 p-, l*<»tassiui!i rliloHdr. . . 0 1 p-. 

Dextrose I ji:r I'errie chloride . . ’’J'raee 


The method emj)loyed for jihitiiip; the organisms in the 
soil for juirposes of study is somewhat jis follows: A known 
weight of soil, usually 25 grams, is placed in a large flask 
containing 500 cubic centimeters or some other known quan- 
tity of sterile wat('r. After thorough shaking, an aliquot of 
perhaps 25 ciil)i(* centimeters is removiul and placed in a 
second flask containing the same amount of water as the 
first. The process is continued through several flasks until 
sufficient dilution of the soil and its associated organisms has 
been readied so that I cubic centimeter of the suspension, 
mixed with licpiid agar or gc'latin and spri'ad over a Petri 
dish will show, after a jieriod of incubation, a devi'lopment of 
from 25 to 75 colonies each of which is assumed to have been 
the product of a single organism. 

such a method of counting it has been shown that the 
normal soil contains from one to ten million living organisms 
per gram in addition to those, some of them known and 
others unknown, which require for isolation the us(' of 
selective jnedia suited to th(‘ir siK'cial nivds or which must 
b(‘ incubated under anaerobic conditions. Thus the ordi- 
nary counts of soil organisms do not indudi' thi^ nodule bac- 
teria of legunu's, th(' noii-symbiotic nitrogcai fixing organisms, 
the nitrite and nitrate* formers, the fungi, nor any of the 
anaerobes, fonn has suggest(*d a preliminary classification 
of the organisms isolated by the above nie‘t}i(d as folleiws: 

C’LASSiri( '\TH)N OF tiik Soil Flora e ’on n 
ClclatJii Iiionilalcd XMth Sml 

AtTobic Iricuhalion 

1 From .’5 to 10 por coni .«r»orf* fornicr^, su})tili.- p<nip 
II Fiidcr 10 ]>cr rods with polar flap-Ila; Fs fliioroscc'iis poiij) 

III J'roin 40 to 7.“) i>(‘i (•cut iioii-sf»on* forininif short rods 
I\' A few micrococf-i 
V'. Froni 12 to oO jxt cent, acliiioinycetejs. 
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CLASSIFICATION ACCORDING TO FUNCTIONS 

Liebig, in 1840, was of the opinion that the nitro- 
gen of plants came from the air in the form of ammonia. 
While that in the plant residues in the soil was thought 
to be of use to the plant after its liberation as ammonia 
in the process of decay, resulting from the activities of soil 
organisms, the supplemental source of nitrogen to take 
the place of that remo\'ed in crops, or lost from the 
soil by other nn'iins, was thought to b(* the ammonia dis- 
solved in the raimvatcT and brought back to the soil by this 
means. It was later shown b}" Lawes and (Jilbert that the 
total quantity of iiitrogfMi in combined forms in the rainfall 
at Rothamsted av('rag(Hl only from 3 to 5 pounds yearly 
per acn*, an amount (entirely too small to compensate for the 
losses in cr()i)s and drainage. 

It was finally shown that the nitrogen of all plants, with 
the exception of k'guines, is secured from the organic residues 
in th(' soil and is mad(' available through the action of decay 
organisms. ]\I()i‘e detailed study rev('aled the fact that at 
least three sej)arat(' groups of organisms are concerned with 
th(* change of nitrogcai from th(‘ ju’otein to a final nitrate 
form. One group has to do with the ]iroduclion of ammonia, 
a second, nitrous acid and a third, nitrates. The con- 
clusion was also H'ached tliat most crop plants recjuire their 
nitrogen in tlie nitrate' form, so that the jn’oeess of nitrifica- 
tion lias to be completc'd before the nitrogen is usable to 
them 

THE REQUIREMENTS FOR NITRIFICATION 

A consideralile number of factors were hiund to be 
involved in determining the rate at which nitrogen in the 
form of organic residues in the soil will be changed to nitrates, 
'llie recentness of origin of the organic matt('r, its ratio of 
carbon to nitrogcai, the temperature, water content and 
reaction of tlu' sciil are some of the most imjiortant. The 
average soil (aintains ajiproximately IloOO pounds of nitro- 
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gen per acre to plow depth. A 100-bushel ('orn crop requires 
not to exceed loO pounds in the nitrat(> form. Yet it is 
seldom, if ever, j)ossible topro<lue(' this much corn per acre 
unless the iiitrog('u ()f the soil has been suppleiiKMited bj'^ 
manure or carriers of soluble nitrogen in eomnuTcial form. 


Until the first ste]) in the 



proec'ss of nitrification has been 
accomplisluHl, viz.: the pro- 
duction of ammonia, the other 
st('ps do not take ])lace. Aj)- 
j)arently the organic residues 
which accumulate in the soil 
are such as do not r(*adily 
decay and their Jiitrogcai is 
chang(‘d to ammonia only v(‘ry 
slowly. On the other hand, 
when numnrc' or clover rc^sidues 
are ))1o\\(m1 uikIct a consider- 
able j)ortion of this organic 
nitrogen is chang('d to am- 
monia in a relatively short 
time and tlie nitrification 
j)rocess go(^s on to comj)le- 
tion. 



NITROGEN FIXATION BY LEGUME 
ORGANISMS 


Fic. 7.--“ In 1 h(‘ of fonibiniHl 

Tiitro^cn jij llic soil, 
iiblc f () scfijj (■ .siillicjciit f)f tljj'-clr- 
fnjiij tlic M)il .-ur to .<:ilj.vf\ 
Jill of then re(jiiMcnn*Tit‘' tliroiiu:h 
the ;u<l of tin* li.Mcleiia ju tin* 
nodules on Ilnur ioot.>.” 


It was early r(‘(*ognized that 
if th(‘ nitr()g(*n in th(‘ organic 
residu(\s in th(' soil was suj)- 
]>lejnejit(‘tl only by that which 
cam(» down in coml)in(Ml form 
in the rainfall, th(‘ contiiuKHl 
remo\'al of crops would soon 
HNSult in th(' exhaustion of this 


element from the soil. Yhe good (‘fTcH'ts of l(‘gumes on the 
other crops in the rotation had long been known. The 
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presence of m)dules on their roots was also known and some 
study had been inad(‘ of tlu^ir nature and content. Attempts 
were made to determine whether the quantity of nitrogen 
in the soil was increased by growing legumes. The early 
experiments of Lawes and (Gilbert as well as those of other 
workers were unsuccessful since, in an attempt to secure 
greater accuracy, tlu' soil was ignited to dri\'e off all traces 
of nitrogen which incidentally alsf) destroved all the soil 
bact(U*ia. In 1SS(), Il(41riegel and Wilfarth finally proved 
that th(' nitrogen of l(*gum('s may b(' secured from the air 
|)rovid(‘d tlie necessary nodule bacteria are present in the 
soil. "J'he following table shows tlie r(\sults of one of their 
experiments in which lupins were grown in nitrogen -free 
sand in ])ots, ])art of which were watc'nnl with distilled water 
and the remaining oru's with a solution secured by (extracting 
with water a soil on which lupins had pre\uously been grown 
successfully: 


TABLE XII 

Nituockn Fixatkix vmtii Li imn> in NiTU(Ka:\-FKEE Sand 


Om* of llcllncp*! aiul \N ilfartlT.’^ Expriinuaits 


Pol. No. 

Dry Woi^hl of j 
Ln])ins, (IraiiK 

Nitrogen Gonlent, 
Grains 

1 

1 I'reatincnt 


41 7.4 

I 099 

1 .Soil solution 

d 

do iVA 

1 17)0 

! 

5 

41 r.s 

1 19d 

1 . . » < 

() 

42 1.0 

1 4.47 


9 

0 o:; 

0 011 

Dislilleii water 

10 

0 so 

0 01.4 

1 

11 

0 92 

0 014 

i . > 

j 

12 

I 02 

0 014 



The only ])ossibl(‘ source of the nitrogcai in the plants 
grown in these experiments was the air. A considerable 
amount of data is now available which shows that in the 
absence of c()inl)in(Hl nitrogen in tlie soil, legumes are able 
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to secure sufficient of this element from the soil air to satisfy 
all of their requirements through the aid of the bact eria 
in the nodules on their roots. The soil requirements of the 
nodule organisms are appanaitly (piite similar to those of 
the legumes with which they are assoeiated. 

NON-SYMBIOTIC NITROGEN FIXATION 

In addition to the nodule bacteria. Bacillus rjidicicola, 
there are at least two other groups of nitrog(;n-tixing 
baeteria which inhabit the soil. The latter gi'oujis are 
not associated with croj) plants but function ind(*pen- 
dently of them in tin* soil, 'riu' mo.st important of these 
has been given the generic name of Azotobacter, of which 
a number of sjx'cies have Imh'd identified. These bac- 
teria have been found to be rather geiKU-ally distributed 
in soils. Under suitable conditions of growth in the soil it 
has been shown that as much as 200 pounds of nitrogen 
per two million i)ounds of soil may be accumulated by 
them from atmos])heric sources in three w(‘(‘ks’ time. 
Optimum conditions for the fi.\atioi) f)f nitrogcai include the 
presence of adeipiate amounts of available cai-boliydrates, 
available pho.sphat('s. carbonate of lijm* and good aeration. 

Another grouji of non-.^ymbiot ic nitrogen-fi.xing organi,sms 
which ap])(*ars to be a vari(*ty f>f the c()mnion anaerobic 
butyric acid bacillus, although usually considered as a se{)- 
arate species, has been given the sj)eci(‘s nanu* of ('lo.stridium 
pastorianum. The.se bacteria .are .able* to a(aaiJmilat(‘ atmo.s- 
pheric nitrogen under anaerobic (amditiojis. They also 
seem to thrive in fairly acid solutions and are believed to 
j)l.ay a relatively more prominent part in nitrogen fixation 
in acid soils thati do the Az(jtobacter. 

It is apparent, therefore, that the fixation of atmosj)heric 
nitrogen takes ])lace in s<nls even in the absema' of legumes. 
While the nodule bacteria are perhaf)s more eflichait than 
the non-.syrnbiotic groups they do not function to any con- 
siderable extent excej)t as a legume crop is being grown. The 
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non-sjonbiotic bacteria, on the other hand, are believed to 
be more or less continuously at work in their capacity as 
nitrogen-fixing agents, assuming suitable conditions in the 
soil. Some interesting data on nitrogen accumulation in 
soils, under conditions in which it would appear that most of 
it must have been accomplished through the agencies of 
non-symbiotic groups of bacteria, are given by Hall. In this 
investigation a study was made of the increase in the nitrogen 
content of the soil in two plots of land at Rothamsted w’hich 
were allowed to run wild for a period of twenty years. Sam- 
ples of soil were selected from these plots in 1881-3 and 
again in 1904 with the following analytical results: 


TAHLK Xlll 

Nith()(;i:n Aft r.MrLATioN in Soils of U.ndistt’kred Akkas (Hall) 
rounds jXT Am* at Various Dqitlis 


Fit Id 

! issi s:< 

i 

! litO-l 

1 

Gain 

Mruadbalk* * 

’ i 

1 

i 

1 


First 9 iiiflios . . 

. 2<»LM 

:m() 

990 

Second 9 inclu‘s 

: IS9S 

2o79 i 

OSl 

Tliird 9 inches 

. . 1. ■>()!* 


090 

( let'seroft : f 

1 



First 9 inches 

1 ‘J219 

;io;i7 

OIS 

Second 9 inches 

! 1990 


2t:i 

riiird 9 inches 

! I(il2 

{ 

17t)() 

14S 

* LcKunies 

'J-'i 'll pcT rviit of xrKt'tutiou iii 

1 ItUM 


t I.rKuiiir.s 

0 43 per cent i>f veKelalion in ItlOl 



The riitropien accumulation in the CJecscroft field occurred 
in the almost entire absence of wild lep;umes. The con- 
clusion was drawn by Hall that non-symbiotic fixation was 
responsible for most of tlu' ^niii in nitrogen in this case. 

NITRIFICATION OF LEGUME RESIDUES 

The nitrogen secured from the air, by the nodule 
bacteria, is not available to tlu' non-leguminous crops 
until it has undergone the process of nitrification. The 
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value of the lo^^iime croj) to tlie following: erops is dotcr- 
iiiiiied by the ainoiiiit of hig;hly iiitrogieiious residue left 
behind in its roots and stubble, or returned in the manure 
produced by feeding; it, and the rate at which this nitrogen 
can be changed to th(' nitrate form. Lyon has shown that 
the good effects of the clover crop on the following crop ma}" 
be explained by the more rajud rate of nitrification of clover 
rc'sidiK's, as well as on tlie basis of the increased amount of 
nitrogen stored in the soil as a result of the growth of the 
legume' croj). In fact it is reascuiable to supj)()se that if the 
clovc'r secured any (*onsiderable ])art of its nitrogen from the 
soil, the increase of tliis element in the soil rc'sulting from its 
growth must Ik* (juitc' limited, since' a large part e)f the total 
nitrogen contained in the cle>ver is rejiioved from the fielei 
in the harvested cre)p. 

DECOMPOSITION OF SOIL ORGANIC MATTER 

The ('le'irie'nt nitrogem is of su(*}j imj)ortan(*e in soil 
ecoiiemiy that it me*rits s])ecial e*onsiele*f'ation. However, 
nitre)gen is only one' of the e'emstitiu'iit e‘le*jne'nts containe'el 
in i)lant re'sidue's. Tlie* otlu'r e'le'inents are* similarly ivle'ase'el 
from organie* e'e.mibinatioiis in the* form of oxidation ])roelue*ts. 
('hief among these* is caiLon. the* ce*!itral e'le'jiient in all 
organic matte'i*. In the* ])!*oe*e'ss ed de'cojiiposition of j)rote*ins, 
stare'hes. sugars and ce*llulose' in soils, the e*arbon is finally 
liberate'e] into the* atmo>])he're*. largc'ly as carbon elioxiele*, in 
which form it is again use*ful t(» the* ])lant in the* e*onstrue*tie)n 
of new mate'rial. A large* numb(*r of inte*rme‘diate* j)roelue*ts 
are* fe>rme‘d of which the* wirious amino acids and the* acids 
and alcohols of the* fatty ae*id serie*s jmiy be* nie*ntione'd. At 
an\' gi\en time' a ce*rtain ])ortion e)f the; organie* matten* in 
seals is in emly a i)artially oxidize*d state. This jnaterial, 
wliem its e)rigin can ik) longe*r be* ele*te*]*jnine‘d, is usually spe)ke'n 
of collecti\’e*ly as “humus.” In the* abse*n(‘e' of cultivation 
these humus (*omi)ounds te*nd to ae*e*imiulate* so that virgin 
soils are; usually we*ll sui)plie*el with lhe*m. \\'hene*ve*r sue*li 
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soils are fanned the rate of destruction of the humus is 
increased and the (airhon and other elements are more 
rapidly liberatc'd in the form of their final oxidation products. 

AEROBIC AND ANAEROBIC DECOMPOSITION 

The soil bacteria comprise aerobic, anaerobic and facul- 
tative groups whi(*h are associated witli each other in their 
activities. The aero’oes recpiire free oxygen for their life 
processes whih' th(‘ anaerob(\s secure this eleiiK'iit from sugar 
and othcT comiKUinds n(*h in combined oxygen. In the 
manure pile aiincTobic conditions are maintained by prefer- 
ence since otherwise the rate of oxidation beccmies too rapid 
and fanging " occurs. In the soil, conditions are more 
largely a(Tobic and comi)lete oxidation is slowly effected. 
The final decomposition imKlucts are water, carl)on dioxide, 
nitrat(‘S and otliea' compounds in a similar stat(‘ of oxidation. 
How’(‘ver, th(' proc(\ss('s by whi(‘h this final n'sult is accom- 
jylished are by no m(\‘nis simi)le, both aerobic and anaerobic 
bacteTia b(‘ing involvenl. If for any reason tin' conditions 
in the* soil Ix^coine V(‘ry unfavorable for aerobic bacteria, 
such oxidation jn-oducts as nitrates and suli)hates may be 
r(‘duc(*d with the formation of free nitrogen and sulphides 
r('s])('ctiv('ly. Thi> may occur if the soil remains filled with 
wat(T for any considi^rable* length of time or following heavy 
applications of manure, straw or green manures. 

OTHER EFFECTS OF BACTERIAL ACTION IN SOILS 

Not only nitr()g('n and carbon, but also the mineral ele- 
iiKMits contaiiK'd in the organic residu(‘s in the soil, will be 
lilxTated for (*ro]) use in the process of decay. The amounts 
of these jiiiiieral ('haneiits thus made' available, compared 
to th(' amount of nitrate nitrogen produced, wdll be iiK're or 
less in j)ro])ortioii to the ratios of thes(' elements to nitrogen 
in the organic mattc'r. As the organic mattca’ is decomposed, 
any (iX(*ess of acid o\'er base may have op})ortunity to act 
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on the previously undissolved soil minerals with the eonse- 
(jucnt liberation of additional amounts of th(* sc'veral nutri- 
ent mineral elements. Hopkins and WhitiiiR calculated 
that, if all of the nitrogen needed for the growth of a 100- 
bushel coni crop acted on phosphate rock wliile in the acid 
form, enough phosjihorus would be dissolved to satisfy the 
requirements of sc'ven such crops. Undoubtedly su(!h acids 
will react for the most part with silicate's and limestone and 
as a result potassium, calcium and magnesium as well as 
phosphorus will be changed to soluble fonns. 

SOIL CONDITIONS FAVORING DESIRABLE BACTERIAL PROCESSES 

In general, the conditions in the soil are favorable for 
most desirable bacterial activities when the soil solution 
approaches the neutral iioint, when it contains an adequate 
supply of mineral nutrients, when the soil is fair!}’ well sup- 
pli(Ml with fresh crop residues, ])articularly of the leguminous 
type, or with w(dl-d(‘compo.st>d manure' and the tilth and 
drainage of the soil are such as to provide aeration. In 
addition there are certain temperature and moisture reepiire- 
ments to be met. However, no matter what the conditions 
in the soil maj’ be, bacterial activities continue. For exmnplc, 
denitrification may occur if the soil is saturated with water. 
It is for this reason that suljdiate of ammonia is substituted 
for nitrate of soda as a fertilizer for ])addy rice. If the soil 
becomes acid in reaction the production of ammonia may be 
accomplislu'd more large')}' l)y molds and nitrate production 
may be reduced practically to nil. Xuidc'r such conditions 
leguiiK's and their associated nodide organisms cease to 
thrive and Azotobacter may no longc'r Ix' active'. On the 
other hand such conditions ajqjarently fa\'or Clostridium 
pastorianum through the agc'ucy of which nitrogen fixation 
continues. Usually those' soil practice's which are known 
to favor the growth of the more desirable' crops eran also be 
expected to influene-e favorably most of the bae'teria in the^ 
soil which have fune-tions to perfonn in connection with 
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making the mineral elements and nitrogen in the soil avail- 
able for these crops. 
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SOME PHYSICAL PROPERTIES OF SOILS 

Tiik physical ])i'oporlies of soils are dotonniiK'd largely 
by the size and arrangciiient of llieir constituent i)articles. It 
is, therefore, a matter of considerable imj)()rtance, in study- 
ing any given soil, to know the ndative ])erceutages of the 
different sized ])arlicles and the manner in which these jiar- 
ticles are arranged in the soil as it exists in tlu' fii'ld. A 
sandy soil, tor example, may contain a high jMTccMitage of 
large particles as a result of whicli its internal surface area, 
as coiu])ared to that of a clay .soil, i,- relatively small and the 
pore .sjiaces much larger, l-’or tlu'sc' naisons sands ti'iid to 
lose their oajiilluy water by evaiioration and their soluble 
nutrient eh'inents in the drainage' w;iler. While tlii'se l(»,s,ses 
are much reduce'd in clay soils, other problems arise in their 
manage'inent which may be even more' si'rious. Tliu.'' unless 
the individu.al particle's of a e'liy soil can be' bremght teege'tlu'r 
into greiujis, the preparatiem of a sec'd be'el is ameest difficult 
probU'in. 

MECHANICAL ANALYSIS OF SOILS 

A me'chanie'al analysis eif a seiil has for its jmrpei.se the 
elete'rminatiem eif the jee'cea'iit age's of the varieius size'el ))ar- 
tie-les which e-enrstitute a seeil. 'fhese' jiartie-les, jiartie'ularly 
whem very .small, tenel let airange tlie'uise'lve's in greiujis eir 
ffoccule.s, which must be* breeke'ii ajiarl be'fem' an analysis 
can be maele. Feer this purpeese' the seeil is tre'ate'el with a 
eieflejcculating agent, usually a elilute sehition e)f ammemium 
hydroxide, and the mixture' is subje'cte'el for the* necessjirv 
length of time to the action eef a mechanical shake'r. "riie 

.'Vl 
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smaller particles are then separated from the larger ones by 
decantation of the sus])ended jriaterial. Sedimentation and 
dec.antation are repeatc'd several times in order to secure 
complete separatjon. 'Jlie suspensions are subjected to the 
action of a centrifuge the speed of which is so regulated as 
to throw out all those i)articles which have a diameter 
greater than .005 millimeter. By dc^fiuition the clay sep- 
arate is made to include all partich's whose diameters are 
less than this, and silt all those ])articles whose diameters 
li(‘ }K‘t w(H'n .05 and .005 jiiillimelc'r. The coarser particles, 
aft(T drying, are se])ai*ated by sic'vc^s according to sizes. The 
details of manii)ulation have Ix^en standardized so that 
(lifTerent workers (*an duplicate eacli other’s results fairly 
accurately. 

SOIL SEPARATES 

According to t]i(‘ scheiiK' adopted by the Bureau of Soils 
of the United Statens Departnuait of Agriculture, the soil i)ar- 
ticles are di\'id(‘d by jnechani(*al aJialysis into groups, or 
sej)arates, liaving the following range of diameters: 


TARLE XI \ 

Soil, Si:i*\i{ \Ti:> AS Dlj’inki) lo 'I'hk Hi ki.at" ot' Soils of 

tin: I ’MTI I) S’lATKS I)i:r VItTMI.NT OF At.UICl'LTrUE 


N:!nu‘ ()!' Sfpiinites 

I l)iaiiu‘lc.T in Millimeters 

t'liir 

2 (M) -1 (K) 

( 'oaisc Miiul 

l .(M) A) 50 

Mi'diiini saiul 

I 0 .•,() -(1 25 

sand 

1 0 25 -() 10 

\ orv fine sand 

0 10 -0 05 

Silt . . . 

j 0 05 -0 (H)5 

(day 

; 0 005 and smaller 


It will bi‘ obs(*i’ved that tlu' lirst three each decrease as 
to dianuder by 50 |)er cent, tlu‘ fourth by 00, the fifth l)y 50, 
the sixth by 00, and the last indelinitely. The range in 
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size of particles in the various separates is not uniform. 
Some of the outstanding physical characteristics of soils 
are related to the percentages of different sized particles 
belonging to the silt and clay groups. In certain of the 
States the terms silt and vh\y are used to designate separates 
of somewhat different dimensions. For example, in the 
Illinois soil survey, silt is defined as a separate the particles 
in which may vary from 0.03 to 0.001 millimeter in diam- 
eter and clay is made up of particles with a dianiet(T of 
0.001 millimeter or less. It is desirable to have the meanings 
of these terms standardized. Additional terms arc needed 
for other separates into whieh the silt and clay, particularly 
the latter, should be broken up. 

SOIL CLASSES 

The words silt, sand and chiy ma\^ also refer, when used 
as adjectives, to soil classes in which the i)redominating par- 
ticles are of the siz(' indicated by the separate name employed 
as the modifying word. According to the Hureau of Soils a 
silt soil contains 20 per cent or less of (*lay and 50 per c(mt or 
more of silt. Th(‘ soils of the Ignited States are grouped 
into 12 classes according to their texture the s])ecifieations 
for which are indicated soniewhat in the class name. 

SOIL CLASSES OF THE BEKEAr OF SOILS 

I. Soils containiiip: less than 20 ])er rrnt silt and clay 

1. C^jarse sand (•(jiitatiis 2r» per cent or more of fine pravel and coarse 
sand, and less than .V) }»er c(*nt of any ollaa- se|)arate 

2 Sand contains 2;j prT c(*nt or more of lim‘ ^travel, coarse and medium 

sand, and less than oO per cent oi hn(‘ sand 

3 Fine sand contains .^0 jier cc>ni Or nuin* of fine sand, or less than 

2o [>er cent fine gravel, coarse and na‘dium sand 

4 Very fine sand contains .W jier cent oi m(»re ol very fine sand 

II. Soils containing? 20 to r^O per cent r>f silt and clay 

5 Samly loam contains 2o per cent or inor(‘ of fine gravel, coarse or 

riK'dium sami 

fi I'lne sandy loam contains .^>0 jier cent or more of fine sand, or hiss 
than 2.'> per <‘ent firu' pnivel, coarse and medium sand 

7 Very fine sandy loam contains FA) ]»ei cent or more of very fim* sand. 



SOME COLLOIDAL PROPERTIES OF SOILS 


57 


III. Soils containing; 50 per cent, or more of silt and clay. 

8. Ix)arn contains loss than 20 per cent of clay and less than 50 per cent 

of silt 

9. Silt loam contains less than 20 per cent of clay and 50 per cent or 

more of silt 

10 (lay loam contains 20 t,o .‘10 per cent of clay and less than 50 per cent 

of silt. 

11 Silty (iliiy loam contains 20 to nO per cent of clay and 50 per cent or 

more of sill 

12. C.'lay contains ,‘10 j)er cent or more of clay. 

SOME COLLOIDAL PROPERTIES OF SOILS 

Of r(H*(;nt yoars tliorc has been a considerable amount of 
researeli on the (luantity and the nature of the colloidal 
mailer in soils. Since clay is defined as a soil separate the 
I)articlcs of which have a diameter of .005 millimeter or less, 
Iho (luestion nalurally aris(*s as to what Ihe lower limit of 
size of lhes(! j)arlieles may he. Evidently the reduction in 
size must conliniu' inili! the molecular stab* is reached, at 
which ])oinl solution occurs. A molecule of hydrogen is 
esliniated to have a diameter of 0.10 inilli-micron and a 
molecule of ehloroforin one of about eight times this length. 
Hetweoii the molecular state and the ui)p(T limit of size of 
clay j)artieles is a v('ry wide range in dimensions. .\s the 
state of di\ ision inerc'asi’s, the eoml)ined surface exposed is 
enormously incn'iised. Surface ])henomem which may 
have Ix'cn alnu si lu'gligihlc in coarse sjinds an' brought into 
I)roniinence when tlie soil is made uj) largel}' of particles 
which have lu'c'ii r('due('d to a v('ry fine state of division and 
whieli exist in wliat is known as the colloidal state. Thus, 
foi' exajiiide, soils eontaiiiiiig a high percentage of colloidal 
niatt('r juay offer \('ry serious competition against the plant 
foi‘ water and niiiu'ral nutrients in the soil solution. Sim- 
ilarly, lh(' niov('inent of air and water tlmnigh such soils 
may he ' ('ry much reduced and. as a result, certain difficul- 
ties may be c'lieountered in then management. 
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CRUMB STRUCTURE IN SOILS 

The sizes of particles in soils cannot be modified except in 
a very liniitc'd way, by any means in the hands of the farmer, 
but certain practices may be (employed which may veiy 
materially affect their arranj2;emeiit and the working qual- 
ities of the soil. Under good management these finely 
divided ])articl('s tend to arrange* themsel\T\s in what is 
known as a crumb structure. Working a clay soil wliile wet 
has much the* same* (*fTect on it as occurs with fresh bn^ad 
when it is rolled between the tliumb and finger. By this 
process tlie pore s])aces are largely eliniiiiat(*d and the i)ar- 
ticles are brouglit together in su(*h close proximity as to 
produce a doughy inass which (ui drying has many of the 
characteristics of a clod. In tlie management of clay soils 
such a (‘ondition is avoided in so far as i)ossibIe. In sandy 
soils it may be found desirable to i)reveiit the devoloimient 
of the crumb structure as a means of increasing the water- 
retaining capacity of the soil as well as improving its working 
qualities. 


TILTH IN SOILS 

Good tilth is a condition which is to be sought in all soils. 
A soil may be said to lx* in good tilth wh(*n with the mini- 
mum amount of labor it can be put into condition to grow 
crops. Four controllable* factors are i)articularly important 
in this coniKM'tion. One of these*, alivaely mentioned, is the 
amemnt e)f water which tlie* seal ce>ntains at the* time* whe'ii it 
is being we)rke‘d. A se*e*e)nel i^ the* e*xte*:it te) which the* freezing 
anel drying })roce'sse*s are give*n e)j)j)e)rt unity te) fune*tie)n. It 
is a well-known fact that a se)il wliich is in j)e)e)r tilth, e)r which 
has been bre)ken up in cloels tends te) })ee*e)me* me*lle)w when 
exi)ose*el te) the actie)n eif fre)st e)r he*at. Part e)f tliis impre)ve*- 
memt is apparently r(*late*el te) the* m(*e*lianie*al e*fTe*e‘t e)f these 
preie'csses anel ])art te> the* elediyelration e)f the somewhat 
gelatinous hj^drated colle)idal mal.(*rials in the- soil. A third 
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controllable factor is the soil reaction. Lime has been 
sliown to play an important part in the improvement of the 
tilth of acid soils. On the other hand, alkalies, such as 
sodium carbonate or the sodium residue of nitrate of .soda, 
tend to deflocculate the soil. The fourth factor, organic 



S. “It i.c :i wc'll-known fart that a soil which is in fioor tilth or which 
lias hccii hrnkcn up in clods tends to heeoine mellow ^\hen exposi'd to the 
action of frost or heat.” Spring; disking of fall plo\M‘d land. ; Courtesy 
OhviT C’liilh‘d JMuw Coinpain ) 

nialtor in the form of plant residues, if present in considerable 
miiounts, tends to mask the physical projicrties of soils so 
that oven such ('xlr(*mes as clays and s;mds conu' to have 
(piite similar pro|)erties in so hu’ as tilth or the capacity to 
l)roduce crops under a given climatic envhoimient are con- 
cerned. 
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RELATION BETWEEN CHEMICAL AND MECHANICAL COMPOSITION 

OF SOILS 

Certain general statements can he made with reference 
to the relationship between ehi'niical and mechanical com- 
position of soils. P\)r example, Failyer and his associates 
have shown that the smaller the i)articles the greater the 
percentages of idiosphorus, potassium and calcium. Hall 
found that this was also true of aluminium, iron and mag- 
nesium. Of considerable significan(*e is the content of 
silica. If this had its origin in (piartz it temds to resist the 
action of the elements and to form coarse-t-extured soils. 
The percentage of silica is therefore^ quite high in sandy 
soils. If the source of the siliia was silicates the end prod- 
ucts of decomposition are the oxides of iron, aluminium and 
silicon of which the last is a])parently nnnoved most rapidly 
in soluble and colloidal form in the drainage water, halving 
the other two oxides behind in iiuTeasing ratios. 

As the fineiK'ss of division inen^ases there is also (*onsid- 
erably increased opportunity for th(‘ i)h(niomen()n of adsorp- 
tion to o])erate in the retention of certain of the soil elements, 
particularly potassium and idiospliorus. 

PHYSICAL ANALYSIS OF SOILS 

The size and arrangement of soil particles has consider- 
able to do with th(‘ water and air j('lationshii)s in soils. 
They, therefore, affect fundamentally the biological proi)er- 
ties of the soil. They also infliKUice the rate* of solution of 
mineral elements and nitrogen as w('ll as the capacity of 
the soil to retain (‘hanents which are suj)plied in soluble 
form. It is a well-known fact that the chemical analysis 
of the soil may show large* amounts of jjiineral constituents 
and yet the soil may l)e unproductive if for any reason 
the arrangem(‘nt of its particl(*s pn* vents the avl('(iuat.(' cir- 
culation of water and air. It is possible, ther(*fore, to deter- 
mine something of the possibilities of produ(*tiveness of a 
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soil by what might be (iailed physical analysis which takes 
into (‘onsideration these various physical properties of soils 
and the matter of croj) adaptation in relation to them. 
Unfortunately laboratory studies of physical properties are 
diflicult to interpret siime in moving the soil to the labora- 
tory its physical condition is disturbed. How'ever, more 
attention is being given to such physical properties as w'ater- 
retaining capacitj’, pore space, permeability to water and 
air, "])lasticity and cohesion. Lyon and Buckman have 
brought together the most imj)ortant data on the physical 
characteristics of soils which ani of interest in this con- 
nection. 
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SOIL WATER 

An important physical j)ro])(‘rty of soils in relation to 
croji production and distribution is iheu' wator-maintaining 
ca])acity. In gciioi'al it may b(' said that soils lend to main- 
tain fairly conslanl wat('r c()iil('nts. It is for this reason 
that some soils are best adapted to cereal crops and otluTs 
to potatoes, truck crojis or grass. A suggestive j)reliminiu’y 
study of t his relation>hipbet\\ e(*u water-maintaining capacity 
and crop ada])tation was made by ^^'hitney. 

WATER-MAINTAINING CAPACITIES OF SOILS 

In this study sanifdes of soil were sc'h'cled to a depth of 
1 foot (iacli day during the growing period from li(‘lds in 
which the cro])s known to be well ada])ted to the soil and 
clijiiate were being grown. As a result of this study the 
following data were obtained; 


TMiLK XV 

Avlkam: 1*1. If (’iNT oi- Wati.h .Mmntmvki) itv Soils 
Known lc» Im‘ Well \(I;i|M(u| to (’fops Indicated 


Crof) Adajited to Soil 


Jjt»caljon, State 


Vn ( 'cut Water * 
Maintained 


'J'ruck 

Mar\IaiMi 

<; 

Wlicut 

Maryland 

\:\ 

( irass 

Maryland 

IS 

Li^lit tobacco 

( 'onn(‘cticut 

7 

Heavy toltacctj 

1 Pennsylvania 

IS 


* J’(Tf (.‘iifaKC of dr\ wfiKht of hnil 
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GRAVITATIONAL WATER IN SOILS 

The total capacity of a soil for water is determiiKHl by the 
volume of its ])or(' sj)ace which ordinarily amounts to from 
30 to 50 per cent of the total volume of the soil as it occurs 
in the field. Folhuving a heavy rain this pore space may 
bc’icomc' entirely filhnl with water to the exclusion of the air. 
If such (conditions obtain over any considerable period of 
tinus injiiry to the growing crop will be noted. An attempt 
is ordinarily made in well-manag(cd soils to have the grav- 
itational water (carricnl away at a suffici(cntly rapid rate to 
pn'vent injury and yet not so rajadly as to r(\sult in excessive* 
leaching of tlu* solul)le nutriiuit ('l(*ments from the soil. In 
the event that this can be accomidished the gravitational 
^\ater is gradually replaced In^ a r(*newed supply of air with 
markc'd lu^nefit to crops. 

CAPILLARY CAPACITY OF SOILS 

Three forc(*s are in operation which tend to separate the 
wat(T from the* soil. These forces are gravity, transpiration 

I’AHLl*: XVI 

Vai'.m'ITy or Son. to llrrMS W vti k in ()ri*osiTio\ to (.Ikamty (Kixc) 
Snil Sat iirntcd and Mlnwnd to Drain for 0(1 Days 


! ' Per (’(’lit of W’atci la'laincd * 

I lh‘ijj:lil of ( \iluiiin * 

‘ in Inclins 



I Sandy Loam 

1 

(day Loam 

SI SI 

l(i IC) 

21 20 

()<» 72 

It) oo 

:;i (V) 

TiT (id 

17 .V.) 

:ji 21 

to IS 

IS 70 

;ii 00 

,‘Id iiti 

21) t)0 

;J2 15 

21 21 

21 Ui 

:\A 10 

tt 12 

22 OS 

ilo 07 


27 00 

;{7 10 


! 


^ I’lTffiitatii i)f viilunu' uf muI 
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and evaporation. The percentage of its total capacity for 
water which a soil will retain in opi)osition to the pull of 
gravity is largely deteriniued by its textun' and the height- 
of the column abo\’e the water table. King pn^sents some 
data on this poh^t for a sandy loam and a clay loam soil 
which were jdaced in cylinders 7 f('et in length, saturated 
with water and allowed to drain for a i)eriod of sixty days. 
The data an' given in Table XM. 

WILTING POINT OF PLANTS 

After the gravitational water has been i-emoved from a 
soil, additional losses occur by transpiration and evaporation 
until, in the absence of renewal by rain or from an untler- 
lying water table, equilibrhun has lu'en established with 
the atmosphere. The hygrosco])i(* water remaining in the 
soil at this point is assumed to 1 k‘ ju-esent in the form of 
extremel}’ thin films over tlie surface' of the soil particles. 
Sometime before this point of e(|iiilibriiim has been reached 
plants growing on tli(' .soil will begin to wilt. Briggs and 
Shantz studied the wilting ])oint of j)lan1s in relation to the 
hygro.sco])ic cai)acity of soils in a saturaU'd atnio.s])here and 
found the ratios indicated in the follow ing table: 

TAULK X\U 

Pek Cent <jf \\ atek in Soien at ii/riNi; Point o?’ ]*lant.s ^ 
C’orn]);ir(Ml Id lhal m 1 lajuilihrmni with the Auiiosphrn' 


Soil 'r>i)c 

W ih mp: J’c.mt 

1 1_\ ^roSCOpK* 

('(larsD Mind 

0 a 

0 0 

I’inc sand 

•j ( i 

1 5 

Sandy loam 

4 s 

a T) 

Fine sanrly loam 

a 7 

r» T) 

lioarn 

10 'A 

7 s 

('lav loam 

ir, ;; | 

\\ 1 


* <»f dry wrifrlit o' hoji 
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RATE OF CAPILLARY MOVEMENT OF WATER 

As water is lf)st into the atmosphere from the surface 
soil, additional water moves upward by capillarity to replace 
it. If the soil column is in contact with a water table the 
amount of wat('r which becomes available to the roots of 
plants by this means may be quite large. Of particular 
interest in this (lonneetion is the rate of movement of capillary 
water and also the exbmt to whi(;h the roots of plants may 



Fici. 0.— “Till' .surfiicc niulch h.ns boon nfommpndcd as a means of con- 
s(*rviiijr \v:it(*r. . . , Ci)inpacting tht* soil lends to cause a more rapid 
iiioveiiieni of eiipillarv water.” The Cultij)acker aceomplishes both 
inirposc.s ((.'oiirlt'sv, Internal loiial Harvester Company.) 

])(Miotra1(' into a. well-draiiipd sul)soil in the direction of the 
water tal)l(*. 

Capillary movement of water is very rapid over a short 
distance in coarse-textured soils, but the height to which it 
will ris(' is (|uit(‘ limited. In clay soils the total rise is greater 
but tli(» resistance* offered to the movement of water is such 
that the* rate* is epiite slow. The me)st satisfactory e*apillary 
me)veunent is found in iiu'elium-tewtured seals, le)ams and silt 
loams, wliere* the i-ate* e)f ine)V('ment is quite rapid anei the 
teital e*apillary I’ise is greatest. .\n inte're'sting study e)f this 
point is given by (b W. ('e)urey as r('e*e)reled in Table XVHL 
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TABLK XVI II 

l'j'FK(’T t)F TKXTriu: ON H\ti: and IIficht of (Upii.i.ary Hise of Water 

IN ^K^ Soils 




Height of Walor in lll(•lH•^ at 1\ 
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THE SURFACE MULCH 

Tli(' rate of inovenienl of capillary wa1(‘r is very much 
n'duced if tin* ■'()il column has Ixaai bi’okcn and the j)articles 
are dry. Under such conditions the nioveincnt of water 
may he almost entirc'ly i»revented, ])articularly if the sur- 
face of the soil is a considerahle distance' above the watc'r 
table. It is for this reason that the' surface mulch has bee'ii 
recoinmende'd as a means of conse'rviiift water. King 
studied this j)roblem by placing soil in cylinders at the 
bottom f)f which additional water was supplied to rejdace 
that h)st by evaporation from the' surface. The' e.xact height 
of the cylinders is not given, but ordinal ily the soil columns 
extend('d about 12 inches above tin* water h've'l. ,\n exam- 
ple of the results obtained from such a study is given by 
King as shown in 'i’able XI.X. 

Conversely, comjiacting the soil ti'iids to cau.se a more 
rapid mo\’enient of capillary wati'r. dhis is jiarticularly 
true if the soil column is already moist throughout its entire 
length. 
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TAHLE XIX 


Effeotivknkss of the Soil Mflch i\ CoNSEitviNo Water 


Tons of VVjit(’r iu‘r Xcto Lost by Evnporiil ion in 100 Days 


No iniilcli 
One iiicli inulcli 
Two inclins mulch 
'^rhrcc im*h(‘S mulch 
Four im-hcs mulch 


('lay Ivoam j lOack Marsh i Sandy Loam 


•Jill i 

r>ss j 

741 

V2i\() 1 


:47J. 
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J7() 1 


SS9 

, jr)i) : 

JS7 

ss;i j 

1 ‘)-:*) ! 

! “ ‘ j 
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DEPTH TO WHICH ROOTS PENETRATE THE SOIL 

It is a \v(‘ll-knn\vn fart that lh(‘ roots of inost rrop ])lants 
toml to ^Tow downward in thr soil to (*onsideral)le di^pths 
unless prev(*nt(Hl from so doin^- hv miiik^ impervious la\Tr of 
rock or of subsoil or by tlie pnst'net* of a \vat(‘r table. King 
studi(‘d the root d('V('lo])m(ait in Wisconsin of soni(' of the 
common farm crops and found that the roots of corn, 
wli(\‘it, l)arl(‘y and oats, at maturity, had reach(‘d a dejith 
of more than four fec't. With (*orn, th(' soil was filled with 
roots extending across the int(Tvening s])ace between the 
rows and to a d('])th of 2 f(M'1 by the time tlie ])lants had 
n^ached a lieight of SO incli(‘s. If tlu' water tabh' is uiidcT 
control at a reasonable d(‘pth, tliese roots, wlu'ii once well- 
establislK'd, may In* abl(‘ to s(M*ure salfi(*ient water to sat- 
isfy tin* rc'ciuiri'iiKMits of th(' jilaiit ('V(‘n tliough the surface 
soil may (*ontain only its hygrosco])ic capacity. 

IMants differ consid(Tably in tluar root-sVvStems and the 
extent to wliich thes(‘ roots ])(‘n(‘trate tlu' subsoil. Those 
with d(‘('p root -systems an* the last to suffer from drouth. 
This fact is takiai advantagi* of in the killing of grass and 
we(*ds ill tlie irrigati'd alfalfa fields of the W(*st. Wet lands, 
if dillicult to drain, are (piite commonly givim ov(*r to pas- 
ture's and the grassi's which devi'lo]) are largely thos(' whose 
root-syst(‘ms are limited in de])th. I'lulcT such conditions 
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it is essential that the rainfall bo frequent and al)undant, or 
that the land be kept suppli('d throng;!! tlu' summer with 
drainage water from surrounding higher levels. 

LATERAL MOVEMENT OF WATER IN SOILS 

The movement of water in soils is larg('l\' x ertieal. The 
pull of gravity is downward. T^oss of water into the atmos- 
phere gives opportunity for capillary rise upward, liecause 
of these up and down tendencies litth' lateral movement 
takes place'. The lack of lateral movement need not i)re- 
vent the translocation of salts in solution but it is aj)pa- 
rent that the latter would be considerably increased if the 
former took place to any extent. In the ])erinauent grass 
plots at Hothamsted the differen(*es in tlu' growth and the 
nature of the grasses and weeds are v(‘ry shar])ly dc'fiiu'd at 
the imaginary lines separating the several j)lots on which 
the different fertilizers are apjdied, although the ('xperinuait 
has been in progress for three-quart ('rs of a (*entury. 

OPTIMUM WATER CONTENT OF SOILS 

The optimum growth of plants is i)rol)al)ly obtained at a 
water content aj)j)roximating (K) to 70 jx'r cent of saturation. 
Greaves found that aniinoniticatioii and nitrification proc- 
esses are carried on most rapidly at (K) per cent saturation, 
while nitrogen fixation by non-symbiotic organisms was most 
rapid at 7f) per c('nt of the total wat(‘r ca])acity of the soil. 
These may not be the quantitu's of wat('r whi(*h j)rovide 
optimum working conditions for th(' soil. Studi(‘s have 
shown that there is a water contc'nt at which ('ach soil can 
be cultivaU'd most effectively and (‘asily. In sandy soils 
this is at a point which might hv consider(*d oxer wet. 
Ordinarily this point is at approximat('ly two-thirds satura- 
tion. The practical difficulty found is that of jnec'ting the 
requirements of the variety of soils often present- in (;ach 
field. Furthermore, cultural operations in a fic'ld cannot 
ordinarily t)e completed in a short enough time to take 



REFERENCES 


G9 


advantage of the most suitable amount of water throughout 
the entire period required. 
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SOIL AIR 

The giviiifj oiT of (‘arlxni dioxido is a fimolioii of holh tho 
leaves and the roots of croj) plants. It is lu'cessary, there- 
fore, that there lx* some process of ventilation of the air in 
contact with these jxirts of micIi ])l.‘ints in order to prevent 
an accumulation of this respiratoj;' product. The leav(‘s 
of jdants have this ;icconiplish(‘d for them through the action 
of winds and air currents. In the soil the problem is more 
complicated and at tunes special attention must be given 
to the means of renewing the air sipiply in contact with the 
roots of crojis. 

COMPETITION OF AIR AND WATER FOR PORE SPACE 

The ])ore s])ace in a soil, as ineviously nKaitioned, 
amounts to from :{() t(» .')() i)er cent of the total volume occu- 
j)ied by the .M»il. Part of this si)ace is t;ik(“n uj) bj'- water 
and the remainder by air. .\s tin* (piantity of water is 
increased a jxiint is fin.ally readied at which the lack of 
available oxygen, or the accumukation of carbon dioxide, 
becomes a limiting factor in cro|) growth. This is perhaps 
one of tin* im])ortant reasons for the decrease in resjionse 
per unit of additional increments of wat(“r in irrigation 
exp('rijn(‘iits. The work of Widtsoe with wheat, lor exam- 
jde. furnishes a good illustration of this jioiiit. In thesf* 
inve-tigations the riunfall during the growing season 
amounted to b‘1.74 hn-ties. ,\dding to this tlie inches of 
irrigation water supjilied, and dividing this into (he number 
of bushels of wheat firoduced in the several te.sts gives the 
following data: 
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Th(‘ liiw of (runiui>hiug returns is in operation in the 
above (*ase and tli(‘ injurious (‘fleets of a, laek of (ixygen and 
of the a-eeuinulation of (*arl)on dioxide eoine into play. 

EFFECT OF AERATION OF CULTURE SOLUTIONS 

A sonu'wliat Ix'ttcT ('xainple of th(' c'ffect of a failure to 
nuK'w the air sU])ply of the roots of ])lants may ])e found in 
the work of Hall and his assocuatcN in eonn(H*tion with the 
^rowin^ of land plants in eultun' solutions. I’ndtT such 
conditions th(‘s(* ])lants an* far niuovtxl from their natural 
('iivironment. However, it is probably safe to assume that 
the effect of the aeration of th(‘ culture solutions notc'd in 
tlu* accompanying; table is not ^ivatc'r relativ(*ly than would 
occur und('r fi(*ld conditions if the soil wen* w(d and a sim- 
ilar jn(‘thod (»f a(‘ra1ion could be ])ut into ojx'ration. 

Plant nxits diff(*r consideraldy in their acTatioii ivcjuin'- 
nients. Ilalbs iuv(*sti^a1ions showed that biu'kw h(*at, a 
plant which ^rows satisfactorily on somewhat w('t and acid 
soils, is nid n(*arly so sensitive to a lack of aeratimi of the 
culture solution as is barl(\v. On the other hand, when the 
(‘ultiire solutions were aspirated with carbon dioxide all of 
the ])la,nts, including- buckwlu'at, sixin wilted. 
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TABJ.K XXI 

Effect of Aeration of Ccltt re Sou tion on the Orowtii of Plants 
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EFFECT OF ANAEROBIC CONDITIONS ON SEED GERMINATION 

The germination of seeds is also inliibited by anac^robic 
conditions. A review of the literature on this subject and 
also of the entire problem of aeration of soils as related to 
the growth of plants is giv'en by dements. In this nn icnv it 
is shown that if for any reason there is a nnliHiion in the 
amount of oxygen or an increase of (*arbon dioxide l)eyond 
the normal, germination is delay(‘d and, with furtli(‘r in(*r(\Mse 
in the concentration of carbon dioxide, is jirevx'iited entirely. 

TOXIC EXCRETIONS OF PLANTS 

A large amount of investigational work has been done 
in an attempt to e'xplain the eauK^s of unproductivity of 
soils which have becai und(T cultivation for some years. Of 
interest in this connect i(»n are some publications ol the 
Bureau of Soils of TIk' Tnited Statens Oepartment of Agri- 
culture and of the Woburn Experinaaital Earm in I‘jigland, 
in which the theory was advanccMl that ])lants (*xcr(‘te toxic 
substances during growth which an* j)articularly harmful 
to oth(T plants of the* same species. Tin* good ('fleets of 
crop rotation were lu'lievxd to Ik* i)artially (*xplain('d by 
this theory. The evid(*nce on this su])j(*ct has also Ikk'ii 
reviewed by denamts. It indicat(*s tliat tin* only ('xcixtory 
product of the roots of i)lants grown under normal (*ondi- 
tions which might havx any toxic ('fh'ct is carbon dioxide. 
Any organic toxicity which may devc'lof) in soils is j)robably 
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tho result of anaerobic decomposition and with an absence 
of supplemental oxidation by aerobic bacteria. It is con- 
ceivable that a considerable number of reduction compoimds 



\'<>1 ncnitod Aorntorl 

Fic. 10 KlTccI of at'nilioii of cullurc solution on the growth of 
coni platiK 

might bo producc'd under certain conditions in soils which, 
if allowed to accumulat e, w(»uld not only be toxic to plants 
but to soil bact(‘ria as well. 
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THE SIGNIFICANCE OF COLOR IN SOILS 

Of particular iiitenvsl hi connection with jiossible toxicity 
in soils resulting- from insuflicicnt aeration is their color. 
Ill well-drained soils the comiiounds of iron ar(' oxidizc^d to 
the ferric state as indicated hy their red, yellow or brown 
colors. In the absence of ^ood drainap;e th(* subsoil is often 
of a bluish, gray or mottled color indicating the presence of 
reduction compounds. Humus soils, formed in swamps, are 
black or brown in color, dejiending on the nature of the 
processes of decom])osition as related to the air sujijily and 
the presence or absence of carbonate of lime in the leachings 
from tlie surrounding higher h'vels. dlie ])r(\senc(‘ of fcT- 
rous comjxmnds in the subsoil is indicative of reducing con- 
ditions unfavoraI)l(‘ to tlie growth of aerobic bactcu’ia and 
of crop plants. Ferrous sul])hate is known to be toxi(‘ to 
jilants and is used as a sjmiy for <Tadi(*ating such jilants as 
mustard and dandelion. It seems (|uit(' ju'obable that if 
the subsoil contains (his and similar comjiounds the devel- 
opment of many sjiecies of bact(*ria and of j)lant roots will 
be hindt^red. FariiKTs have learned to judgt' the (uiality 
of soils by their color and with considerable accuracy, as 
might be expected from tl;e relationships indicated above. 

THE COMPOSITION OF NORMAL SOIL AIR 

Russell and Apjileyard studied the comjiosition of the 
air of the Rothamsted soils in considerabk' d(‘tail. The 
oxygen content of th(‘ surface soil was found to average 
about 20.00 per c('nt and tin* carbon dioxid(‘ 0.20 p(»r cent 
of the total volume as eoinjiannl to 20.0 and 0.02 n'spectivi^ly 
for the ordinary atmosphen*. TIh* carbon dioxide* (*ont(‘nt 
fluctuated sonuwvhat throughout the* si*ason, de^peaiding upein 
the climatic anel se)il ce)nelitie)ns as afVe^eMing the* gre)wth e)f 
jilants. The fejlle)wirig table is of int(*re*,st in this euinnec- 
tie)n: 
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TABLE XX n 

PEUcENTAdE Composition of the Soil Air turolkhiout the Season 
RoMiJiirisl(‘(l — l^roadhalk Field — ( /otd.imious Wheat, 
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"I'uriiiii l)Hio\'(‘s thnt 1 h(' innvasiHl (‘onci'iitnilioii of rar- 
1)011 (lioxi(l(' ill till* soil during the growing season is fairly 
delinitely eorrelatiHl witli the rate of growtli of the ])lant 
and tliat it is in eonsid(a*al)l(‘ jiart due to the respiration of 
the plant roots. Then' set'ins to be evidenee in favor of 
this eonelusion in the above table. Thus the wheat crop 
])robably began to grow nicely in November, was retarded 
for a time during tlu' cold w('ather of December and Jan- 
uary, but eanu' on mon* ra])idly in the spring with maxiiiium 
growing activity and n'spiratioii in May. 

EFFECT OF EXCESSIVE AERATION 

('oars('-t ext lin'd soils, if wc'll draiiK'd, are likely to have 
their aii sujiply reiu'wi'd so fn'(|uently that the oxidation 
proeessi's may bi*eomi' ('xeessively rapid. This fact has been 
noted in tlu' <li(lieulty found in maintaining a sufficient 
amount of organic matt(*r in sandy soils, particularly those 
which are under cultivation in warniiT latitudes. The 
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plant residues are oxidized so readily, and the soluble prod- 
ucts which are fornuHl are carried away so raj)idly in the 
drainage, that tlu'se soils soon lose their productivity. Such 
soils are highly ])ro(hictive if precautions ar(' taken to renew 
the organic matte]* by the use of g]*e('n manuring crops or 
otherwise as raj>idly as it is (h'stroyed. This is jiarticularly 
tnie if the moisture supj)ly can be controlled by some t^^pe 
of irrigation. 

MEANS OF CONTROLLING SOIL AERATION 

Ordinarily tlu' prohlc'iu is one of increasing the rate of 
movement of air througli soils to j)revent the accumulation 
of reduction coinjumnds and U) nanoxc lh(‘ (*arl)on dioxide 
excreted by jdants, or resulting from l)act(u*ial action. Nor- 
mally, the change of air is accom])lish(‘d by its ex])ansion and 
contraction due to changes in temix'ratiin' and by its dis- 
placement by water with subsecjueni r(Mi(‘wal as the water is 
lost by drainage, transpiration and (evaporation. It is in 
the absence of iIk' free mov(‘m(ent of \\at(er, and particu- 
larly with the finer t(extur(ed soil>, that iIk' ]) robl(‘jn b(ecom(es 
serious and iiueasun's must l)e tak(en to iucr('as(‘ th(‘ rat(‘ of 
air renewal. Cultivation may be of soni(‘ value, but arti- 
ficial drainage and tin' intioduction of largi* aniount.s of 
crop r(^sidu(‘> ar(‘ the jnost (*ff(*ctiv(* means of accomplishing 
the desirfed rcMilt. SonH'thing can b(‘ done* in choosing 
crops adai)ted to such a condition in the soil. 
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THE SOIL SOLUTION 

In order to j)rovi(l(' opfiniuni conditions f(»r the growth 
of plants in water cultures, it is necessarj' to control within 
somewhat narrow limits the total concentration of the salts 
in solution, the reaction of the solution and the ratios in 
which the several ions arc jwesent. These* reeiuireincnts are 
imdouhteelly met in productive* se)ils. rnfortunate'ly little 
is known cone*e*rning the* e*xae*t nature* of the* soil solutiem by 
re'ason of the di(ncultie*> invedve'd in its separatiem unchanged 
from the* soil. A gooel re*vie*w eif the* niedheeds cmpleeyed in 
such we»rk is gi\ e*n by Parke*r. From his and eethe^r imTs- 
tigations some* ide'a of the e-eencent rat ions of the sev(*ral ions 
in soil solutions has be*e*n gaiimel. The*re* is, he)we*ve*r, a 
funelame*ntal eli(Te*re*ne*e' t)e*twe*en soil and culture sedutions 
in that in the feenner e-ase* the solution is in ceaitact with the 
uneliss(d\e*d mine*i’al comi)Ie\ anel its rate* of re'iiewal fremi 
this, as the* elissedve*d ele*me*nts are r(*jne)ve*el by e’reeps and in 
drainage* wate*r, is like*ty to be eiuite variable depending 
upem the e’onelitions which ejbtain. 

ALKALI SOILS 

In ivgiems in \\hie*h the rainfall is limite'd to sue*h amounts 
that, the loss of \\ate*r through elniinage is i)ractie*ally negli- 
gible, the* substane*e*s which have be'cn dissedvc'el freun the 
seal ae-cumulate in the form of seduble* salts. Such rain as 
falls, toge*the'r with the* acids pre)elue*e'd in the e)xielatmn of 
ewganic compeumels e*e)ntaining the* e*le*me'nts carbe)n, nitro- 
ge*n, sulphur and chlorine, ae*t e)n the se)il minerals with 
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the formation of salts of the alkalies and alkali earths. 
Eventually the soil may eoiitaiii lai-^(' amounts of earbon- 
ates of sodium and jiotassiuiiL tlu' acid earbonates of cal- 
cium and maj!;nesiuin and the sulphates, chlorides and 
nitrates of all of these' ehanents. 

Harris gives the (*omj)()sition of the resulting “alkali ’’ 
as determined at several different locations in the United 
States, as follows: 
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ALKALI TOLERANCE OF CROPS 

The accumulation of tlj(*s(* salts, commonly calk'd alkali, 
interferes with Ili(‘ growth of plants (‘ither J)y n'ason of th(^ 
abnormally high concentration, lh(' alkalinity or th(^ unfav- 
orabl(‘ ratios in which the soliibk' ions an* pres(*nt. As would 
be expended, i)lants differ considerably in tliidr capacity 
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to endure alkali. Among the more resistant crops may be 
mentioned alfalfa, sweet clover, millets, sorghums, rape, 
barley, rye, sugar b(!ets, asparagus, and cotton. Of the 
fruit tn^es the date palm is i)<'rhai)s the. most resistant. As 
Harris points out, tiu^ ability of jdants to withstand the 
effects of alkali is det('rmin(‘d not only by the nature of 
the alkali, but alsrt by its distributimi in the soil. Deep- 
rooted ])lants thrive best wln'n* the alkali is eoncentrated 
in the surface soil while shallow-rooted crops may do best 
when the alkali salts are dcep(T. 

CONTROL OF SOIL ALKALI 

In-igation with an exec'ss of water, which is removed by 
tile or allow('d to run off th(> surface, is an etfieient means of 
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removing; sohihlo salts from soils. This method is not 
applieahie ovea* any wry lar^e area of laud since as a rule 
th(' quantity of irrij;’ation Avater is limited. If the cause 
of injury of th(‘ alkali is its alkalinity, the application of cal- 
cium suljduite is sometimes recomnu'iided. Sulphuric acid 
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and elemental sulphur have also been suggested as neutral- 
izing agents for alkaline soils. Other devices such as scrap- 
ing the alkali crust from the surface and plowing to greater 
depths have been employed. The alkali soil problem is 
much more difficult than that of acid soils although the area 
over which alkali is a limiting factor is much less than that 
included in the humid regions where acid soils are the rule. 

ACID SOILS 

In humid regions the soluble salts which are formed 
in the decomposition of minerals an' gradually removed in 
the drainage water. Accumulation is tlu'refore prevenled. 
Evidence of this removal is to In found in th(' immense 
deposits of common salt, potash salts and limestoiu's which 
are variously distributed over the ('arth. As the basic 
elements are removed, the soil beconi('> more' largely niad(' 
up of iron, aluminium and silicon in th(‘ form of hydrated 
silicates and oxides. The decay of organic matter in the 
soil hastens the ])r()cess. A jiartial ch(‘(*k against thc'se 
losses is providc'd when tlie M)il is (‘ovchmI with v('getation 
which utilizes the mineral nutrients as th(\v are dissolved. 

Iron and aluminium In'ing ain|)hot('i*ic, and silicon an 
acid-forming elenu'iit, the gradual removal from tlu' soil of 
the basic ions, sodium, ])otassium, calcium and magiK'sium, 
results in the accumulation of a j)ot('ntiaIly avid residue. A 
typical example of an acid silicate* n'sidue is hmnd in 
kaoliriite, which may be r(*i)resented by the* fonnula 

2nA)Al/).;-2SK),. 

This was derived from orthoclase, having the formula 
1X20- AlA):i(iSi()-. 

A loss of silica and a substitution of hydrogen for the potas- 
sium has been effected in the decomposii ion ])rocess. Potas- 
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sium (carbonate bcinp^ soluble in water was gradually leached 
from the soil. In the more advanced stages of weathering 
the total amounts of calcium and magnesium are often 
found to have Ixhti reduced to less than 5000 pounds per 
two million pounds f)f soil. The contents of sodium and 
pot-assiuTu are seldom less than four or five times this 
amount . 


AVIDITY OF SOIL ACIDS 

A considerable i)art- of the acidity of soils is potential 
but not directly injurious to plants. Hydrated silicates are 
not higlily solul)l(\ However, ihvy may serv(‘ as competi- 
tors of f)lants for bas(\s in the soil solution. Furthermore, 
the acids in soils vary in their strength, this being deter- 
mined by th(‘ e\t(*nt to which they yield up free hydrogen 
ions to th(‘ soil solution. The concentration of hydrogen 
ions is now ordinarily expressexi in tcTins of pH which is 
th(* common logarithni of th(' re(*iprocal of th(* hydrogen ion 
concentration ex])resse(l in terms of normality, the neutral 
point luMiig r(‘])r(‘S(‘nt(*(l by ydl 7. A solution having a pH 
of 5, for ('xample, contains 100 times as many free hydrogen 
ions as ])ur(' watiT while one with a ydl of S has 10 times as 
Jiiany OH ions as pure \\at(‘r. Th(' ydl of soils of humid 
regions has been found to range from about 4 to 8. 

ACID SOILS IN RELATION TO THE GROWTH OF CROPS 

Exp(M i(Mic(* has shown that with an increase of acidity in 
soils, (*ro])s liaving a high lime-ixxpiirement, such as sweet 
clov(T, alfalfa, k'ttiice, spinach, beets and many other com- 
mon cro])s, are replaced by others which are less sensitive 
to acid soils conditions. A\"ith greater increase in acidity it 
becojnes mxx'ssary to substitute less desirable crops until a 
l)oint is reached at which few of those commonly grown will 
thriven InirtlKT coni])lications arise from the fact that 
desirable soil bacteria, particularly those which have to do 
with nitrogen fixation and nitrilication, are also injured by 
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acid soil conditions with the result that nitrogen economy 
becomes a more sc'rioiis iM’oblem. 

It has also been found that acid soils are injurious to 
crops and soil organisms in certain indij*('ct. ways. Of par- 
ticular interest in this connection is the work of Hartwell 
and Pember in which it was shown that soluble aluminium, 
common to all a(‘id soil solutions, is toxic to ])lants, in some 
cases much more than otlu'rs. It was found that barley 
and rye were injured in much the sam(' degrc'c by increasing 
concentrations of acid, but very difh'rently by the presencH' 
of aluminium in solution. For this j-('ason, any cro]) to 
which aluminium is toxic in dilute con(‘ent rat ions will have 
difficulty in growing on an acid seal. Barley is a good ex- 
ample of such a crop. 

Hoffer has shown that th(' injury to corn produced by 
the disease commonly known as root rot " is associated 
with the accumulation of aluminium salts in the plant, (‘spe- 
cialh' in the nodal tissues. 

THE RATIOS OF THE IONS IN THE SOIL SOLUTION 

The ratios in which the several ions (^xist in th(‘ soil solu- 
tion are also important. McC'ool has >1i()\mi, for (‘xamj)l(*, 
that ammonium, magnesium, sodium and j)o1assium ions 
an^ each toxic to plants when suj)plied singly as salts to 
culture solutions. This toxicity may be o\’(T(*ome by the 
addition of oIIkt ions of which th(' calcium ion is gen- 
erally most etfeciivc'. It secan probable, a(‘cording 1o True, 
that the difficulty lies in the* fact that jxa-tates of all of the 
other bases are mon* soluble than that of calcium which 
ordinarily makes up a large j)ortion of tlu' outer layer of 
the cell wall. In th(‘ absence' of adeejuate' amounts of cal- 
cium in the nutrient solution tlu're' is a sut)stitut i(»n of other 
t)ases. Potassium ])ectat(‘ is reaidily soluble' in water and 
even magnesium jKxdate is much more' solul)le than tlie cor- 
responding calcium comiK)und. As a result , the pc'rmeability 
of the cell wall is altered and the cell tends to lose its 
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protoplasmic contents to the nutrient medium. The other 
essc'iitial elements in the solution, or in the soil, are of little 
use to the plant, therefore, unless the calcium ion is present 
in sufficient amounts to satisfj^ the normal needs of the 
plant in the construction of its cell walls. 

The conditions under which cro]) plants are grown in 
culture solution work are abnormal. Furthermore, if it 
w(?i-e ])ossil)le to (h'termine what constituted an optimum 
culture solution for crop plants when grown under such 
conditions this information would have little value in its 
api)lication t,o the soil. This is for th(i reason that the soil 
tc'nds to exercise precipitation and adsorption effects which 
immediately alt('r the ratios in whi(*h th(^ ions are present 
ill thi‘ solution. There is th(' further complication in that 
the soil solution, Ixnng in immediatii contact with the soil, 
tends to b(' hmu'wchI from the soil as the nutrient elements 
ar(' rc'moved liy th(‘ growing crop. An interesting com- 
parison of the conc(uitration of nutrient solutions essential 
to ()])timum growth of crop plants in the soil and in solu- 
tion cultures is given by AleC all. 

EFFECT OF FERTILIZER SALTS ON THE SOIL SOLUTION 

Th(' good or bail efh'cts of applications of fertilizers, lime 
or liiiK'stoiK* and manures, to b(' correctly interjireted, must 
tak(' tlu'.se various relationships into consideration. Sul- 
jihate of a,mmonia heaves an acid residue in the soil as com- 
par('<i to the alkaliiu' r(*sidue left by nitrate of soda. Acid 
phosphati' not only su])])lies soluble phosphorus, but pre- 
cijiitates toxic aluminium from acid soils. Lunestone sup- 
l)liesth(‘ ('h'liK'nt calcium, but also has an im})ortant function 
in controlling tlu' soil n'action. Heavy applications of ma- 
nur(' and solubk* fertilizers have an apj)reciable effect on the 
total concentration of salts in the soil solution A large 
amount of investigational work in vsoils in recent years has 
b(H'n directed toward detfTinining the concentration and 
reaction of the soil solution, its rate of renewal from the soil 
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matrix and the influence upon it of applications of manure 
and the various fertilizer materials. 
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CHAPTER XI 


DRAINAGE 

One of llio nK)sl important i)rol)loms in soil manage- 
moiit is tliat of cont rolling tlie water supply at as nearly the 
optimum as i)ossil)le for tlie eroi)s it is (h'sired to grow. In 
humid r(‘gions this usually means the following of such 
l)raetie('s as will ('conomizc' on Aval (t during, or in prepara- 
tion for, periods of drouth and Avill ])revent the undue reten- 
tion of graA'itational water hy the soil, following periods of 
h(‘aAy rainfall. The conservation of water is ordinarily 
ae(^omplish('d liy certain tillage operations and by those 
practices Avhich influenc(‘ the content of organic matter in 
the soil. The remoA’al of th(' exc('ss Avater is a problem of 
drainage. It happens tliat artificial drainage is also indi- 
rectly a consiTAation measure in that by enlarging the 
foraging area of plant roots it makes it ])ORsible for 
them to use the Avater A\hich is stored at greater depths 
in the soil. 


THE ROOT SYSTEMS OF CROP PLANTS 

Weav(‘r and his co-Avoi'kers huA’c shoAvn that, under faA^- 
orable conditions for growth, and in the absence of a Avater 
table ill the subsoil, the roots of oi'dinary crop plants pene- 
trated the soil to a dejitli of from o to S f('et in certain areas 
in Nc'braska, Kansas and Colorado Avhere these investi- 
gations of root systi'ins were made. The folloAvmg table 
selected from their Avork is illustrative: 
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TAhlM XXIV 

Root Df.\t:lopmknt of Chop Plaxts (W'faveh) 


Cro]) Variety 

(Irowth RiTonl 
of Toi>s 1 

1 (Jrowlh Record 
of Koohs 

... i 

Days i 

Ileifrht, ! 
l-eet * 

D(‘pt!i, 

l’(‘C( 

Spread, 

Peet 

Oats — Swell ish Select 

('),*> • 

a i) 

() S 

! 1 3 

Wheat — Mariiuis 

\v.\ 

2 7 ' 

(i 7 

1 3 

Harley — Manchuria 

M 

a 

t> 

i 1 3 

Oorn — Silver Mine* 

ini 

S .7 

S 2 

•1 0 

Potatoes — Karly Ohio 

tu 

‘J 

A 7 

2 1 


THE AVAILABLE WATER IN DRAINED SOILS 

Assiiiiiing that tlie wator tablo is uiick'r suinck^iit control 
in humid regions to prevcait its rising liigher than f(‘et 
below the surface of th(' soil, excejk for short ])erio(ls aft(T 
heavy rains, and that this dejkh therefore rej)resents the 
space in which croj) roots can grow without danger of injury 
from excess water, it is then pos.^ihle to e.^tiniate* th(' amount 
of water which is available for crop us(‘ uikUt any gi\'en soil 
and climatic environiiKait. Some in\’(‘>ligations l)y ('on- 
rey are of intere>t in this connection. In the^(‘ studie.s the 
soil columns were in contact with a \\at(T tabh^ at a d(‘pth 
of () f(*et and j)ercolation had been allow(‘d 1(/ continue for a 
period of two months aft(*r tlu‘ >oil had b(‘(‘n saturat(‘d ^^ith 
water. At the end of tlu.'^ time moistun' d(‘1erminations 
were made on the upj)er H feel of soil. Th(* wilting coeffi- 
cients for these soil^ w(T(* th(*n (*stimat(*d. Subtracting 
the.'^e two sets of figures for each soil giv(*s the amount of 
water which should be available for crop use in th(‘ up])er 
3 feet of th(*se soils when the soil \\ater lias (*om(‘ to ecpii- 
librium with gravity, aft(T being satiirat(‘d by rain ajid 
under conditions in which the watcT table is maintaiiK'd at 
a depth of (> feet. If th(j entire capacity of the soil to hold 
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water was satisfied when the crop was planted and pre- 
cautions w(!re taken to maintjiin a surface mulch until pro- 
tection was afi’ord('d by a rapidly growing crop, the losses 
of water by surface evaporation need not be excessive. 
Furthernion', any such losses should be more than compen- 
sated for, ordinarily, by the rainfall. 

TABLIO XXV 

Availahlk Wati:i{ i \ I'urkk Fi:kt of Soil at Poixt of 

KoriLimiirM with CIhavitv at-tfu Sati kation 

Wilier "r:il)le lit JX‘|)th of Siv Teel 


i 

1 

1 

of J^ry Weighl of Soil 


Dunkirk, 

W'oostor, 

Brookston, 


Fmo Sand 

Sill Loam 

C'ay 

W;il('r-r(‘t:iiiiin^ ciiiiMcity 

i li T) 

30 2 

30 5 

Wilting CdcfllfUMll 

1 :> 

7.7 

17.5 

Wiitcr In (liiTt'rciuv 

;i 0 

22.5 

1 ... 

12.8 

Aviiil:il)l(* Wilier in :i<T(* iiwlics 1 (> 

! 10 ,5 

1 

5.2 


Usually, the water table continues to recede during 
the summer months so tluit by the time root development 
to a (h'jitli of d fc('t lias taken jilace the water table may 
peihaps be excii more than (> feet below the surface. As 
the ro.its contiiUK' to grow downward, additional water 
bi'comes available, but th(' roots are in constant danger of a 
rise' of the watei- tabh' to the level of the tile, Avhich is usuaUy 
jdaced at .a depth not to exceed it feet below the surface. 
Till* water Ix'low the dejith to which roots extend is not 
thought to be of any considerable imiiortance, since the rate 
of moveiiKMit of water through a subsoil which h.''s been 
robbed of its watc'r by roots is very slow, particularly when 
some distance removed from the water table. 
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RATE OF REMOVAL OF WATER BY DRAINAGE 

Too rapid roiiioval of gravitational water from the soil is 
objectionable for the reason that- it tends to carry away with 
it the soluble nutrients essential for plant growth. On the 
other hand, it is apparent that the gravitat ional water can- 
not be retained in the soil for any considerable h'ligth of 
time without injury to cro])s from the accumulation of 
respiratory carbon dioxide and the formation of toxic reduc- 



Fici. 12. — “As a g('n(*rnl rule soils located in luiinid cliniatos and containing 
consideral)I(' percentages of sill and clay, fiart icularl> if tlie land is 
fairh level, have llieir pioductive powei forordinar\ farm crons in i])roved 
by soni(‘ system of artjficinl drainage.’' 


tion compounds resulting from anaerobic bacterial action. 
There is also danger of loss of nitrate nitrogen by denitrifica- 
tion. If the topograi)hy of the land is rolling, th(* ra})id 
absorption of the rainfall l)y the surface soil is (k'sirablc as 
a nutans of preventing undue erosion. Idt'al drainage' will 
provide for the rafiid absorptioii of th(' wat('r by th(‘ surfac^e 
soil and its somewhat gradual nanoval through th(‘ tile. 
An excellent re\d(*w of the considerations invoivtul in {ban- 
ning effet^tive systems of artificial drainage is giv(ai by 
Elliott. 


SOME LIMITATIONS TO ARTIFICIAL DRAINAGE 89 


SOME LIMITATIONS TO ARTIFICIAL DRAINAGE 

Soils differ to such an extent in the size and arrangement 
of their constituent particles in both the surface and sub- 
surface zones; the toi)ographic ftiaturcs of the land varies 
so much from jdace to place; the climatic, conditions are 
so variable; and the root systems of crop plants are so dif- 
ferent in tluiir habits of growth and in their re(}uirements, 
that it is somew hat difficuH to cemsider tile drainage except 
as it refers to some [)articular sf)il, topography, climate and 
crop. Some soils lose their gravitational water readily 
without, artificial drainage*. Under some clinuitic condi- 
tions the amount and distribution of rainfall may be such 
that the drainage* preeblem is neit seriems. Some crops are 
be^ttcr adapted fe)r gi’eewth een wet soils than are edhers. 

As a general rule, howe*ver, se)ils le)cate*el in humid cli- 
mates anel containing considerable i)e*re^entages of silt and 
e;lay, particularly if the lanel is fairly level, have their pro- 
ductive i)e)wer fe»r ordinary farm cre)ps imi)re)ved by some 
syste*m e»f artificial drainage. The* fVeeiuene*y with which 
the liiu*s e)f tile* e*;in be idac(*el te» advantage in such soils is 
finally limited by the mark(*t value eef the creeps tee be grown 
on the lanel. In any e*ase* a peeint is finally re^achciel at which 
it beeaemes desirable* tee ce)nsid(*r e-hanging the eTops to fit 
the seeil anel the e*limate rather than tee attempt draining 
sufficiemtly tee satisfy the n(*e*ds of seeme* creep which is too 
exacting in its drainage* reeiuirements. d'his is at times the 
decieling facteer bet w e*t*n alfalfa anel alsike e*leee*er. .\t other 
time's it, may be belte*r tee le*ave the land in permanemt peis- 
ture rat,he*r than tee atte*mpt tee drain it feer the production 
eef eerdinary field creeps. 

SOME EFFECTS OF ARTIFICIAL DRAINAGE OF WET SOILS 

King eeemme'nts een the (*fl’cct eef artificial drainage on the 
tempe'rature* eef the seeil anel recoi’ds sceme e*e)mparative tem- 
peratures een seeme elraiue*el and unelrained seeds lying adja- 
cent to eaedi other in Wisconsin : 
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TABLE XXVI 

Comparison of Temperatures of Drained and Un drained Soils 
Doprc'os rahronlieit (King) 


Dat(‘ 

Tinio 
of Day 

Air 

Diiiincd 

Soil 

UiidniiiKH 

Soil 

\pril 21 

1 I* M 

()() T) 

T) 

51 00 

\jTiI 2;”) 

a p.M. 

i\A 0 

70 0 

5S 00 

Xpril 2() ... 

2 P M. 

Ah 0 

50 0 

'll 00 

\pril 27 

2 pm 

j 0 

55 0 

50 75 

\j)ril 2S 

S P M 1 

ir, 0 

17 0 

44 50 


Conner has shown that tlio amount of limestone recjiiired 
on arid soils is reduced by tile drainage. In a comparison 
of the lime-re(iuir('ment s of some drained and undrained 
experimental fields in Indiana he found the following lime- 
recjuirements as nu^asured liy the potassium nitrate method 
of extraeting the soil : 


TABLK XXVJI 

Effect of Dkaina(;e on “LiML-KEgnuEMUNr" of Soils -Conner 
Pounds Limostonr J{p(|uir(*d jk'i "I wo Million Pounds of Soil 


Field Location 

Drained 

I'lulraiiu'd 

Westport 

Sf»0 

' 12S0 

North X’ernon | 

' ISSO 

2S10 

W'orthingtoii 

710 

ItiOO 


EFFECT OF DRAINAGE ON CROP YIELDS 

An interesting record of crop yields on adjacent drained 
and undrained sections of plots is found in th(' diiUi available 
from the experimental farm on tlu* Clermont silt loam soil 
in southwestern Ohio. This soil ty])e also covers an (*xten- 
sive area of level land in southern Indiana and Illinois. 
The soil is usually farmed hy plowing it in long parallel 
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lands having finishing furrows between them to provide for 
sTirface drainag(\ In the (iomparative tests the same method 
of surface drainage hjippens to b(^ in operation since, as is 
usual in experimental work, the* plots are ridged somewhat 
in order to prevent th(‘ soil from being moved from one plot 
to another. The plots are 21 feet wide, the lines of tile 
b('ing i)la(^(;d lengthwise of the plots in every second divisitm 
space. The resulting yields of crops on plots which have 
b(‘en dress(Hl with phosphated manure and limestone are 
given below : 


TARUC xxviii 


Kffect of Tile Diiainaoe on Ckop Yields (Cleilmont Silt Loam) 


Crops Ctrown 
in Rotation 

^Yolds on Unforlilized 
Land 

JiK*r(‘as(* from Manure and 
Limestone 

Piidraincd 

IjutuI 

Drained 

Land 

Undramed 

Land 

Drained 

Land 

( Ira in,. Stalks. 
Un I Cwt 

1 

1 

drain, j Stalks, 

liii ' Cwt 

1 

1 

drain. Stalks, 
Ru ; ( \vt 

drain, 

Hu 

Stalks, 

Cwt 

(%)rri 

.‘id 2 ! 17 0 

■lii s ; 2t> s 

1 

1:4 7 1 11 

:V2 0 

13 4 

Soy boa ns 

lb 2 i :U) {) , 

.5 : 2.-{ Ti 

1 11 11 { 

r> <) 

10 S 

Wiipat . . 

20 S i 22 7 

; 24 2 ; 2:4 :5 

! 10 (> 1 10 1 1 

17 5 

U\ 9 

( Movor . . 

1 

. i ;J2 

i 2,S !» 

i ' 

; i.'-. 

i 1 ! 


IS 9 


Th(‘ (lata indicate that the snil lackc'd unifnrinity, since 
the yield on the undrain(‘d soil was at times gri'ater than 
tliat on the draiiu'd soil on the unfertilized plots. Where 
])hosphat(Tl inanur(' and liiiu^stone are applied there is no 
(luestion as to the effect iv('ness of the drainaj!;(' in increasing 
th(' yields. Th(' data are suggestive' and indicate ^v)m(^tling 
of th(' ('xt('nt to which it might seem advisable to make 
expenditures in tile drainage in preparation for the growing 
of ordinary field crops. 
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DRAINAGE WITH IRRIGATION 

The ideal arrangement in the soil would be one in which 
the water table was kept, under control throughout the sea- 
son by drainage and by subsurface irrigation. This is pos- 
siblt' in areas located along bodies of fresh water into which 
the excess water can be pum])cd and from whicii it may be 
returned as needed. Th(‘ large ar(‘as of swamp land lying 
around the (ircat Lakes will probably lx* utilized in this 
manner when economic conditions warrant. The o\erhead 
sprinkling system is also an <‘X(;ept ionally efficient method 
of control of th(^ water su])j)ty in coninx-tion with the growth 
of vegetables. Here, again, it is n(M‘(‘s.sary in humid cli- 
mates to ha\'e the soil well underdrainc'd, since irrigation 
may be followed by a heavy rain and hijur}' may result 
from a too ])rolonged period of excessive water supply. 

It is interesting to note in this connection that it is at 
times found necessary in irrigated districts to jtrovide under- 
drainage through which an (“xcess of wat(T may be with- 
drawn as a m(!ans of preventing the accumulation of alkali 
at the surface of the soil. 
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CHAPTER XII 


TILLAGE 

The operations involved in tillage include those of plow- 
ing the soil, ])ul\(*rizing and compacting it in preparation 
for seeding and, in the case of intertilh'd cro})s, its subse- 
(juent cultivation. All of these mechanical j)rocesses must 
be consid(*red in ndation to the size and arrangement of the 
soil parti(des, the climatifi environment of the soil and the 
croi)s to be grown. Xhidcr certain conditions the topo- 
graphic features of tlu^ land become of paramount impor- 
tan(!e. 

PLOWING 

Tlu' literature on the subject of jdowing is voluminous. 
Togeth(;r with other y)hases of tillage, })lowing is discussed 
at sonu' length in a vc'iy interesting and instructive* treatise 
on “ Horse Hoeing Husbandry ” written by Jethro Tull in 
17 ;i 8 . d'uirs conception of the purpose of plowing and cul- 
tivation was in part erroneous, but his book served to call 
attention to the* im])ortaiice of these o])erations in deter- 
mining the productive capacity of the soil. The imple- 
ments of tillage* have* be*e*n very matcrijilly improved sineie 
Tull’s day and the* wea-k is ne)w mue*h me)re* efficiently deme. 
(A)nside*rable* attentieen has be*e*n gi\'en te) fitting the ploAV 
te) the soil e)n which it is te) be* use*d. '^riie ele*pth and time of 
plowing have also received ceuisideyation. 

FITTING THE PLOW TO THE SOIL 

King writes that if a seed has ge)tten out e)f tilth or has 
become cloddy, there is a shape of moldboard, a content of 

as 
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soil water and a depth of furrow slice which will help to 
restore the tilth most- (juickly. If, for example, the soil is 
of a sandy nature and is soinewlial excessively oi)on and 
porous it should be plowed with a steep moldboard, some- 
what wet and fairly deep. If the soil has a considerable 
percentage of silt and is not in good tilth it should be })lowed 
with a moldboard having only a moderate sloi)e and when 
the soil is somewhat dry. W(d clay should be plowed with a 
fairly fiat moldboard and rather shallow. When the soil is 
very dry it will be better pulverized with th(‘ use of a steej) 
moldboard and deej) ])lowing. 

In manufacturing moldboards to suit diffenait vsoils and 
soil conditions four distinct types hav(' been dev(iloped. 
The sod moldboard is long and slojx^s U])ward gently with 
considerable twist which ]W'veiits the furrow slice from 
falling back into the furrow and tcaids to break the sod 
apart. The stubble moldboard is (piite steej) and short 
and pulverizers th(r furrow slice as it turns it ov(t. TIk^ 
breaker rod and disk t}"j)es of plows an' found satisfactory 
in soils which will not scour the moldboard. The last 
named is al>o useful in soils which must be plowed whiles 
very dry. The use of lh(' wrong ty])(' of i)low may make 
it almost im}K)ssible to ])rei)are a good seed-bc'd. A soil in 
a low state of productivity can often be made to j)roduce a 
fairly satisfactory croj), under suitable' climatic conelitions, 
if it is ]3re)i)erly i3lowed and the seed-bed is givem adequate 
preparation. 


DEPTH OF PLOWING 

It is consielered ge)e)d |)rae*tice to vary the de'f)th of ple)w- 
ing according to the nature e»f the soil and the* e*re)]) to be 
grown. Se)il is usually i)lowe‘el te) a gre'ater de'i)th fe)r corn 
than for oats e)r whe'at. 1‘lspecially deej) ])lowmg has be'e'ii 
recommended fe)r such cre)j)s as i)e)tatoes anel alfalfa. The 
de^pth of i)le)wing is determined in many case's, however, by 
the general level e)f the', j^roductivity of thej soil and the 
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amount of organic residues, fertilizer and other materials 
availal)le for incorporation with it. There is probably 
little to be gained by plowing deep if in so doing the avail- 
able mineral nutrients and nitrogcm of the surface soil arc 
simply diluted with unproductive subsoil. The plowed sur- 
face usually contains the greater portion of the feeding roots 
of plants particularly during the early jjeriod of their growth. 
Subsoil mixed with this may not only dilute the available 
nutricmts, but may have a toxic effect on the young 
seedlings. 

Th(! exi)erinients which have been coudueb'd on the 
depth of plowing an* unsatisfactory in that the related 
program of soil inauageinent. usually has been inadequate 
when api)lie(l to such an ext(*nded (lei)tli as is broken up 
with the de('p tillage impleiuents. It is gc'iierally recog- 
nized that subsoil is “ raw ” and if it is to hv. made a part of 
the surface soil this should preferably be done very grad- 
ually. For this reason d('(*pening the soil has usually been 
attcmi)t('d by using ('ither a suhsoiler, which follows after 
the ordinary moldboard jdow and breaks up the bottom of 
the furrow, or by the use of a double disk device which turns 
two furrows. One of the disks is behind and below the 
other and has little tendency to throw the subsoil on the 
surface although some niLxing occurs. 

Williams r('i)orts data on cro]) yields, following these dif- 
ferent iiK'thods of ])lowing, covering a period of twelve 
y(‘ars at tin* Ohio Station, from a rotation of corn, oats, 
wln^at and clovc'r. The ordinary i)lowing was of a 
d('pth of 71 inches while the double disk plow turned the 
furrow to a depth of 15 inches by the method indicated 
above. 
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TABLE XXIX 

Depth of Plowtnc^ Expeuimext on Wooster Silt Loam Soil 
Twolvo-’^’oar AvtTapi* f ields per Aero 

Doublp Disk, ; Ordinary, 

If) Iiiclios I willi SiihsoilinR 

on 1 01 :i 

A\} 2 m 0 

:b 4 :b i\ 

r>() ti r/j 0 

Morrow and (Jardnor studied the effe(‘t of different 
deptlis of plowing with the ordinary moldboard ])l()w on the 
yield of corn in Illinois, with average yields as given below: 

TABLE XXX 

Yield or (’orn \s I\flt'i:n( i:i> ry Depth of Plowino 
Illinois Brown Silt fioarn Soil (Si\-\ cai Averages) 

Depth of IMowin^ Biislu'ls ]K‘r Acn* ! 

Disked Surtax 
2 inehes 
4 inehe< 

() inches 
I S iiichc.x 

i 

Other exani})l(‘s are f>:iv(*ii in llie literature, as reviewavi 
by Sewell, whieh indicates that litth' if anythin}>; has Ix'en 
shown to ha\'c l)(*en gaiiunl by jjlowing to a dei)th cxcieeding 
6 or 7 inches. 

DATE OF PLOWING 

A matter of considerable importance in sections in which 
the winters are cold and the sunmu'r seasons are nslatively 
short is that of the time to plow for best re.sults with spring 
and summer crops. Ordinarily, th(i distribution of the 


.■)(i 1 
op P 
()<) 1 
fib 
71 1 
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labor on the farm makes fall plowing desirable. Other 
than this, however, it has not been sliown that anything is 
gained by fall plowing in the (’entral States which cannot 
be equally well accomplislied by early spring plowing, unless 
it be that of the destruction of the larva; of insects. The 
undesirable features of fall plowing are to be found in the 
failure to take advantage of an opj)ortunity to grow a cover 
crop and the losses which may occair through leaching and 
erosion. The farther north th(‘ location the less these 
objections apply. It is api)arent that if for any reason 
spring plowing is delayed, the losses by transi)iration and 
evai)oration may be such as to i)r('V('nt the stonige of suf- 
ficient amounts of water in the soil to satisfy the lUKjds of 
the summer crop in sc'asons of scanty rainfall. 

King comments on the difference in the moisture con- 
t(‘nt of two adjacent strips of sod land one of which was 
j)lc)wcHi on Ai)ril 29th and the other was Ic'ft unplowed.' 
Samples of soil were selected from the two arc'as on May Gth, 
only 7 clays later, at which t ime' it was found that the i)lowed 
soil contained 1.75 inc-hc:s more water in the* first 4 feet of 
depth than the unplowcHl. 'I'here would uncloubtcjdly be 
a C'onsidcTablc' diffc-rc-nc-e between the watce content of 
soils j)lc)wecl in ]\Iarch and May, particularly if the field 
was covered with a rank growth of some green manuring 
crop such as rye or sweet clover. The necessity of plow- 
ing as far as possible in acivanc-c* of jdanting the cTop is 
found to be c*spec*ially essc'iitial in semi-arid sections where 
it is necc'ssary to have the soil in condition to absorb the 
rainfall and to prevent loss of water through transpiration 
by wc'eds. 

When plowed soil is subjc'cted to the action of freezing 
tempc'ratures it tends subsequcmtly to be easilj’^ prepared 
for the crop. If the plowing is done in the fall and the 
wintc'r weather is mild, the fiwzing and thawing inaj”^ be 
entirely o\’ercoine by the action of rams whic*h tend to 
cause the* soil to “ run togc‘tli(*r ” at times when it is thawed. 




(Courtesy, Oliver Chilled Plow Company.) 
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It is for this reason that early spring plowing is sometimes 
better than fall plowing if the work can be done sufficiently 
early to be assunnl of several freezing nights. Stiff clay 
soils, or those which are somewhat wet or difficult to man- 
age, will usually becomes quite' friable^ unde^r such (conditions. 
Extremely cold wintc'rs or hot dry sumnuers will usually be 
found to have a marked effect in improving th(' tilth of 
the soil in th(' following season, probably by ncason of the 
dehydrating effect of ttu^scc processes on the colloidal mate- 
rial in the soil. 


PREPARATION OF THE SEED-BED 

If the plowing has b('en w('ll done the subs(K]uent prep- 
aration of th(‘ s(H'd-l)(Hl is usually a(cconij)lish('d without diffi- 
culty. This is i)articularly true wh('re the soil has enjoyed 
some years of good nianag('m('nt in which attention has been 
given to drainage, the use of lime, and the incor])orati(m of 
organic niattcT with the soil, as well as to good plowing. If 
this has Jiot l)een the case and if the vveatluT happens to be 
unfavorabh', tlie i)rol)leni of seed-bed preparation is by no 
means siinph'. Much d('i)ends u])on the skill and (expedience 
of the faniHT in (k'aling with similar soils and conditions. 

In pre]:)aring tlie j)1ow(hI soil for seed or jdants it is 
d('siral>l(' to make the surfa.(*e soil fine ancl free of clods 
whik' tlu* sub-surface soil must b(* compact and also free of 
clods. Th(' first is essential in onkd to get the s('ed planted 
and the second to provide for a continuous flow of cai)illary 
water from tlu' subsoil. For this reason the use of an 
impleiiK'iit which will both compact and pulvTrize is desir- 
able. The objection to the rolkd Ik's in the fact that the 
clods are often simply jdessed into the soil, Init not })ulv(d- 
ized. Flirt ludinore, the roller l('av(\s the surface smooth 
and comjiact and tends to encourage tlie loss of water by 
evaporation. TIk^ smoothing harrow has its chief valu(i 
on soils which are in good tilth and as a means of providing 
a surfac(' mulch and killing early weeds. Various other 
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implements are in use which are found to be valuablct de- 
pending upon the condition of the soil and the needs of the 
crop. Ulie disk is one of these which is found to be an 
(^speciall}^ efFi(*icnt tool in l)reaking up a soil that has 
become too compact for jdanting the crop. The culti- 
packer is a more modern implement combining some of the 
desirable features of th(' smoothing harrow and the roller 
and also being very effect i\’(‘ in pulverizing clods. 

CULTIVATION TO CONSERVE WATER 

Cultivation previous to seeding the crop or between 
the rows of an intertilled croj) was IxJieved to be essential, 
from King's experiiiK'iils, in conserving water. In semi- 
arid n'gions having a sparse rainfall and a high rate of 
evaporation, dry farming is practiced, the success of which 
is assumed to lie in the prevention of evaporation for a long 
enough jx'riod to stores up sufficient rain to satisfy the 
requirements of a crop. In some regions this means grow- 
ing a crop only every second year, with frequent cultix^ation 
of the soil during the intervening summer. In other regions 
it means plowing the soil some months in advance of plant- 
ing the crop and ])ra(*t icing ch^an cultivation to conserve 
th(‘ wat(^r in the soil and any additional rain which may fall 
before the crop is planted. Dry fanning practice's, as wedl 
as the ordinary cultivation oi)eratioiis, are assumed also to 
increase the rate of nitrification so that thci crop is believed 
to benefit from additional sujqdies of both water and 
nitrate;'. 

A good review of the data on the effectiveness of the soil 
mulch is given by Sewell. C all and Sc^wcill also report data 
which have been secured from (?xj)(Timeiital i)lots at Man- 
hattan and (lardeii City, Kansas, in whi(;h it was shown 
that continued cultivation tln'oughout the scnison had not 
resulted in any ai)preciabl(‘ conservation of water or in an 
accumulation of nitrates. In their study of the problem, 
plots of ground, set aside for the purpose, were either kept 
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bare of weeds by being scraped with the hoe or by cultiva- 
tion to depths of 3 and (i inches, respectively, in comparison 
with plots on which the weeds were allowed to grow. Mois- 
ture determinations to a depth of 0 feet were made from 
time to time during the summer. A comparison of the 
average moisture content, in the autumn and spring, of the 
entire fi feet is given in percentage of the dry weight of 
soil in the following table: 


TABLE XXXI 

of Surface Mulch ox Conseiivatiox of Water (Call) 
Miirshnll Silt Loam (Manhattan, Kansas) 


Yuar 

Rainfall, j 
Inches, 

, .laii. 1.0 Sept 

Per Cent 

Walter in Autumn Compared to 
that in Spring 

[ 

W(*(h1s 

5-inch 

Mulch 

(ninch 

Mulch 

Bare 

Surface 

1014 

17 o:^ 

-7 2S 

-5 51 

-1 SO 

-0 SO 

1015 

44 07 

-1.20 i 

1 0 70 

-0 05 

-0 70 

1010 

20 SO 

- 0 05 1 

-2 ;«» 

-1 10 

-^2 50 

1010 (diked) 

20 SO 

05 

0 20 

2 57 

2 88 


From this niid otlior data secured at Manhattan and 
Garden C'ity, the conclusion was drawn that a cultivated 
soil was no inoi-e effecti\ e than an unculti\'ated one in pre- 
ventinj? the (‘vaporation of water. In so far as cultivation 
did aid it was assumed to be by the elimination of weeds 
and the prevention of suiface niu-off. It was also found 
that nitrification was not materially affcctcni by cultiva- 
tion. 

CULTIVATION OF CORN 

A number of experiment, .stations ha\'e studied the time, 
depth, and frequency of cultivation of corn in their effects 
on yi(dds. Probably the best summary of this type of 
investigation is that of Cates and Cox in which records are 
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given of yields produced by ordinary cultivation as com- 
pared to those secured under conditions in which the weeuis 
were kept down by scrai)ing with a lioe. As a result of 124 
such t('sts scattered o\'er 28 states it. was found that the 
yields on the uncultivated plots were practically equal on 
the average' to those on the cultivated plots. A wide 
variety of soils was selected and the climatje^ (;onditions 
were quite difTerent. The following table j)rcsents a part 
of the data from these investigations: 


TA15LK XXXIl 

Comparison or Ciltination am> SrnFA(’r Scrm’Inc; ox C%)rn Ytklds 
Yield of Unt‘iiltiv:ited Plots as Percent iipie of Yi(‘ld of (Cultivated Plots 


state 

Number 

of ''I’t'StS 

Percent ag( 
Yi(‘lds 

Ohio ... j 

' 10 

00 

Indiana ... ... 1 

0 

lOo 

Illinois 1 

s 

04 

Iowa ... 

7 

102 

Mis.souri 


io;i 

Kentucky . . . 

0 

01 

Sou^h CCarolina 

12 

O'O 

Virginia . . 

0 

ss 

New Hampshire 

10 

112 

Total, all States 

121 

00 

Ten plot.s most hem'fitc'd by cultivatmn 


m 

Ten plots most injured by cultivation 


ury 


These and otlier cultivation te'sts indi(\‘ite tliat on the 
average little is to })(' gaiiu'd by (Uiltivating tlie corn crop 
which is not accomplished by any scheme which will (dim- 
inate weeds as competitors. It is jiossible, however, that 
cultivation ma^^ n'sult in injury to th(' corn roots and that 
the yield obtained is the resultant of lienc'fit and injury 
from the proc(\ss. Th(^ Kansas rc^sults indi(\‘it(^ that con- 
servation of water is of little importance. apply the 
Kansas data to the corn belt would negk^ct the diflfcinmces 
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in the rainfall-evaporation ratio. Perhaps the corn plant 
prevents loss of water by surface evaporation through having 
a well-distributed root system, a need for large amounts 
of water and a sufficiently large growth to prevent the 
rapid movement e)f air thremgh the fieJel, by which evapo- 
ration is hastened. 

In praedicc the^ emly le>gical thing te) de) is to begin with 
fairly eieH'.p cultivation while the i)lants are yemng anel 
before’! the root systems are extended, anel then te) ce)ntinue 
te) re'elue*e the dc'pth with each cultivation. Ry this me\‘ins 
wenels can be eTaelicated and the e*e)rn re)ots least disturbeHl. 
An e'xcessive number of e*ultivatie)iis t)e\y()nd that re'ejuire'el 
te) e*e)ntre)l wennls has not be'en she)wii to be of any value to 
the eTop. In looking e)ver the elata e)f Cates anel Ce)x, a 
fenv example's are found in W'hicli it is she)wn that eniltiva- 
tion iiieTe^ase'd tlie yie'ld by more than oO j)er cent, l)ut in 
e)the'r e*ase's its elTect was te) elenvase the yield by an e'epial 
amount. It is possil)le that tlu're' may be some corre'latie)n 
be'twe'e'ii the eiimate', the soil anel the eTop yield as re'late'el 
to cultivation, but as ye't tliis is ne)t apparent. 

TILLAGE AND SOD CULTURE IN ORCHARDS 

The re'lative* nu'rits of tillage' anel sod eailture in the a])ple 
e)rchard have* l)e'en eliscusse'd at. considerable le'iigth, imtably 
by Hedrick, who was of the opinion, from vse)me experimental 
work ale)iig this line' e*onelucted undei* his sui)eTvisie)n, that 
tillage' was mucli more desirable than the' soel eailture system. 
Prom tlu'se and othe'r investigations it is ne)W’ be'lieved that 
the tillage me'thod is to be ele'sire*el, wlu'n tlie* lanel is level, 
in that in the ))roe*e'ss nitrate's are ae*ciimulate'd anel the 
soil ce)ntinue's to yie'lel up conside'rabli' eiuantitie's e)f avail- 
able' iiitre)ge'n fe)r the' tre'e's fe)r se)me' ye'ars. It is quite 
ce)mme)n in this syste'm te) gre)w^ eu)ve'r eTe)ps during the 
latte'r i)art e)f the' sease)n, to be plowed under the following 
spring. It is evident, that the gooel e'ffects e)f the clemi cul- 
ture me'the)el might be me)re than overcome by erosion if 
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the land was rolling or hilly. It has been found good 
practice in such sections to follow the clean culture and 
coyor crop s3\stein for a few years, until the trees are well 
established, and then to stoj) the cultivation and make use 
of the cover crops to provide* a mulch under the trees. An 
excellent review of the investigational work on cultural 
methods in orchards is given by Clourley. 
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ORGANIC MATTER 

Plant residues are a very essential part, of most produc- 
tive soils. They s(Tve as a source of food for energy and 
growth of majiy th'sirable soil f)rganisms. In tlie d(*(;ay of 
these residue's the ehnnents contained in tlnan are liberated 
for the use of ero])s. In aeldition the carbonic and other 
acids produc('d. when dissolved in the soil water, ineniase its 
solvent action on the hitherto undissfdved soil minerals. 
Plant iH^sidiH's also function as age'nts to improve the tilth 
of soils and in increasing their wateT-holding capacity. In 
general it may b(‘ sjiid that soils are in best condition to 
produce satisfactory yi('lds of crops wlnm they are well 
sut)]:)lied with the refuse of jirevious crops, particidarly that 
of recent origin. 


THE SOIL “ HUMUS ” 

The early soils literature is filh'd with references to 
“ humus,” a name which has long been used to designate 
collectively the i)lant n'sidues which remain after the most 
easily oxidizable portions have been decomposed. Inves- 
tigation has shown that, if a .soil is first dig(\s<^ed with dilute 
hydrochloric acid, the humus can then be* extracted from it 
by treatment with dilutt* ammonia water. The effect of 
the acid is to separate from the humus the basic elements 
with which it forms insoluble ‘‘ humates ” with the result 
that the “ humic acitls ” are released. The.se give a brown 
to black color to the solution of ammonium hydroxide. 

Humus has .such an indetinite nnyining and the method 
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of determining the quantity of it in the soil is so empirical 
that the word is no longer in good standing in soil ter- 
minology. While it is generally believed that tlnwo decay- 
resistant organic rt'sidui's have a value in im])roving the 
physical (lualities of the soil, the more recent point of view 
seems to be that the great(*st lued of the soil is for fresh 
organic residues, particularly those of leguminous origin, 
which are unch'rgoing fairly rapid d('comi)osition. It is 
ai)parent, therefore, tliat the detennination of the total 
amount of organic matter in the soil is of little* value unless 
something is known of the cro])])ing system being emj)loyed 
and the ])robable source and age* of the organic r(*sidues 
present. 


ESTIMATING THE ORGANIC MATTER IN SOILS 

The (*stiniation of the* (piantity of organic matter in a 
soil must be based on some* enie element contained in it. Of 
these, carbon and nitrogen are the* only ones which are not 
present in inorganic combinations as well. l'iv(*n with 
carbon then* is an (*xce])tion in the cjirbonates, but the* two 
forms can lx* s(*parated either by the use* of dilute acids or 
by cojitrolling the temjeeratun- in combustion methods. 
The carbon dioxide resulting from tlu* oxidation of the 
organic matter is usually absorbed and weighed in bulbs 
containing potassium hydroxide, din* ratio of carbon U) 
organic matter vari(*s consid(*rably, but it is ordinarily esti- 
mated that approxiniat(*ly one-half of the latter is carbon. 
Th(* ratio of nitrogen t,o carbon is usually about 1 to 12. A 
study of this ratio in corn-b<*lt soils is given by Stewart 
who reports it to be 1 to 12.1 on (iS gray and brown silt 
loams, 1 to 11.7 on 2") black clay hxuiis and 1 to 1 l.S on f) 
peat soils. A soil containing d.')()() jxamds of nitrog(*n per 
acn; to plow d(*pth would contain api)roximat.eIy 40, 000 
pound.s of (tarbon and twice this amount, of organic matter. 



ORGANIC MATTER IN RELATION TO NITROGEN FIXATION 107 


SOLVENT ACTION OF ACIDS FROM ORGANIC MATTER 

Tho Severn,! functions of organic matter in soils have 
not been studied sef)arately to any considc'rable extent. It 
is geiKTally r('(H)gniz('d that dark colonnl soils have, as a 
ruh*, a somewhat gn^ater prodiudive cai)acity tlian the 
lighter colored soils of the saim' locality. It is not always 
easy in these and similar cases to distinguish between (?ause 
and effect.. In a jm^vious chajffer mention was made of 
the fact that, if all of the nitrous acid j)rodu(*ed inihe nitri- 
fication of sufficient nitrogcm to satisfy tlu' ref|uirem(‘nts of 
a l()()-bush(‘l cro]) of corn acted on phosphate rock, seven 
t.iiiK's as much jdiosphorus would b(‘ made available as 
would be recpiired by the crop. Certainly a. ])art of the 
vahu' of organic matter Tiiust lie in the solvent effect of the 
acids ])roduced in its dc^cay on tlu' mineral (‘ompounds in 
the soil. Cameron and Bell found tliat the solubilit}" of 
the })otassium of orthoclase was increased from 1.7 to 2.5 
p.j).m. by saturating the water with carbon dioxide. It 
seems (juestionable, however, whether anything is gained 
in having an amount of (‘arbon dio.xide in th(' soil in t^xcess 
of that given off hi the resjiiration of plant roots since it 
tends to Ix^conu' toxic in its effects when present in excess. 
This was sliowii in th(' necessity for acTating solution cul- 
tures of ])lants and in the fact that wdlthig occurred when 
carbon dioxide was aspirated through th(' solution. 

ORGANIC MATTER IN RELATION TO NITROGEN FIXATION 

The function of carbohydrate materials in nitrogen 
fixation ])ro(*('ss(\s has binai w('ll (‘stablisluHl. Following the 
methods of Ashby, thi' caihohydrates employed in studies 
of non-symbiotic fixation have usually been mannit, lac- 
tose or sucrose. In such ex])erimeiits, carried on under 
oj)timum conditions in laboratory control, fixation at a 
rate of 200 jumnds or more per two million pounds of soil, 
in thr(H‘ w('(‘ks’ time, has bec'ii n^peatedly observed. The 
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assumption is that the starch, cellulose and similar carbo- 
hydrate materials, in the fresh residues of plants, satisfy the 
energy requirements of these organisms in th(^ soil. The 
nitrogen accumulation in (leescroft field at Rothamsted, 
previously referred to, amounted to a|)proximately 40 
pounds per acre' ])er year. Probably the plant, accumula- 
tions resulting from allowing the land to “ run wild,” fur- 
nished the necessary (*arbohydrate materials in abundance. 

EFFECT OF ORGANIC MATTER ON PHYSICAL PROPERTIES 

OF SOILS 

The tilth of the soil and its water-holding capacity are 
very much improvinl by increasing tlu' amount of organic 
matter in the soil. A comparison of the garden, which is 
usually very heavily manun'd every year, with the nearby 
fields, on which the (piantity of manure applied is too small 
to be of any particnilar significan(*e as a direct soun^c' of 
organic matt(T, makes this ai)i)arent. The ('xi)eriencc of 
farmers in this connection is suffi(*i(mt justification for the 
b(4ief in the necessity of a system of farming which makes 
adequate provision for the addition of organic matter to the 
soil as a means of improving its working (pialities. 

Of gr('atest inten'st and importance^ in this conne^ction 
are the means by which th(‘ (plant ity of organic material 
may be iiKwasiHl without sacrificing crojis or parts of crops 
which liav(‘ a sale or fe(»ding value. Ordinarily a suitable 
crop rotation such as corn, wli(‘at and clover, with a ndurii 
to th(‘ soil of the inanun^ imxluccHl from finxling part or 
all of tlie crojis, is made to satisfy the rcxjuinuiKuits. Thc^ 
valuer of manure is assumed to be not only that of ndurning 
the n(X*essary mineral (4(aii(Tits and nitrogen to th(' soil, but 
also one of adding to the sujiply of organic mattcT. This 
is one n^ason why manun' is jm^ferred in many easels to the 
inorganic* fertilizers, liecause of the enormous number of 
bact(Tia contained in it, manure may at tim(\s have an 
added value as an inoculant. 
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Fig. 14. — '‘Soils iirc in best conclition to produce* siiti.sfMc1.orv yields of crops 
wIh'Ii llu'V lire well sup])li(*d with tlie refuse of previous crops, purl icularl y 
lliiii of recent oriji:m/' 


RELATIVE VALUES OF MANURE AND FERTILIZER 

Of recent years tlie question of the substitution, in part 
or in whole, of h'rtilizers for iiianun' has brought this prob- 
lem of organic matter maintenance and increase to the 
foreground. It is inteiesting to compare' tin' yields of 
crops produced by manure and fen-tilizers and to study t,he 
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content of organic matter in the soil following the two dif- 
ferent methods of supplying the mineral needs of plants. 
Thorne has commented on tlu' fact that, fertilizers are more 
efficient than the same amount of mineral el(*nients and 
nitrogen siipiilied in the form of manure, and (jin'stions the 
value (ff the organic matter in the manure beyond its 
capacity to yield u]) the necessary elements to crops. A 
somewhat better concejRion of this is probably to be found 
in the assumption that the organic inattc'r in the soil is 
incr(!ased somewhat in j)roj)ortion to th(' yield of the crops 
produced, tlu-ough the i-esidtUNs h'ft b('hind in their roots 
and stubble, and that, if fertilizers gi’ow larger crops, the 
organic residues may lx* enough more than those i)roduced 
from the use of manure to conij)ensatc for the organic 
matter supplied in the manure. The following table is of 
interest in this comn'ction as benring on the I’elativc yields 
produced by manure and fert ilizers : 

tahit: xwjij 

(’oMPAltlSON OF YiFLDS PuoDrCi:!) M Wf’ltF AM) FkUTILIZFRS 
c;ir A^ (TMirc ^ icNU i WoosItT Sill Loiiin Soil) 


Troatniciit * 

l''('rliliz('r>, * 

Manurt', 

■Manure, 

Quriiititif.s Siipp 

MM'iO Ll).« 

S 'i’ons 

Hi Tons 


7<; 1 

72 

144 

Pliosiihoni^^, 11 )S 

20 I 

21 

4S 

Pot.ussuini. Il)> 

lo.s ; 

i 

5ti j 

112 

Yiold j)(T acre. 

i 

1 



(’orn, Ini 

4t'» s 

42 0 

52 5 

Oats, l)U 

51 2 

5 

4(i (i 

Wli(*at, }>U- 

2s 1 

10 <; 

24 1 

ClovfT, t-AVl 

20 S 

20 S 

;{(i 9 

Timothy, fwt 

;n 5 

:o 2 

11 4 

Ff*rtili/crs divided jiinoriK coni. 

outs and wheat Maiiiix* 

diudcd hetwe orii and 


client 
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RELATION BETWEEN CROP YIELDS AND CONTENT OF ORGANIC 
MATTER IN SOILS 

The relationship between crop yic'kls and the amount of 
organic matter which accumulates in th(‘ soil in the crop resi- 
dues is shown in liie work of B('ar and Salter, who examined 
the soils of a series of fertilizer plots aftcT fifteciii j^ears of 
cropping in which all th(^ cro])s had beem removed from the 
soil as produced. The only ])ossible source of 1h(‘ accumu- 
lated organic matter was the residues left behind in their 
roots and stubble. Where manun' was ai)i)lied some 
organic matter was added and th(‘ comi)arison is interesting 
for that reason. 

TABLE XXXI V 

Im flct oi- Li:irnLi/j;u*^ ox Ac'ci mi-lvtion ok Okc. vxic Mattkk 
Dlkalu Silt Low Soil (Di'imn'. lak PlkuiI)) 

All Crops niid IL‘inov(‘(l 


1 

E(Ttiliz(‘rs 

'r(»tal 

( )rt!:anie 


Ap|)lH‘d 

' I’rodiiei* 

! Matt(‘i !4» 

Treat iiK'iit of Soil 

in lo ^ ear" 

in 15 ^ ear." 

' Soil at J'airt 


Tons 

l*()unds 

, J’oiinds 


j>ei A<Te 

pi'i* Aeri‘ 

! JUT Acre 

No fertilizer 

XoiH' 

; 10/.H»0 

' r2,soo 

(^oiiiplelt* fertilizer 


117,010 

(‘)n,soo 

Manure * 

mo 


7;5,()00 

C\)in]»]ete fertilizer and linu* 


rjo.r>o5 

10,000 

Manure and lirne 

‘Jl2l * 

152.100 

05,000 


' L’ ' Tiiii'- of Imi iirtl liiiio 


The manure and fertilizers wen* both added in liberal 
amounts. The manure carried considerably more of nitro- 
gen and of the niin(*i*al eh'ineiits than the icTlilizers, sui)i)ly- 
ing, for examph*, 2()()() ])ounds of nitrogen ]kt acre during the 
fifteen-year pc'riod as coinjiared with (')7o pounds of nitrogen 
in the complete fertilizer. d"he interesting phase of the 
comparison lies in the accumulation of organic matter in 
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the soil, resulting from the application of purely inorganic 
fertilizers inad(' of nitrate of soda, acid phosphate and sul- 
phato of potash. Supph'incnting the fertilizers and manure 
with lime increased the total produce, but decreased the 
accumulation of organic matter. The addition of lime 
stimulated bacterial action to such an (extent that the rate 
of decomposition came to equilibrium with the organic 
matter accumulating ca])a.cities of the roots and stubble 
of the crops at a somewhat lower content in the soil. A 
variety of croj)s avctc grown in the test but these would 
l)robably correspond fairly well in their effect to that pro- 
duced by such a i-otatioii as corn, wheat and clover. 

The color and {diysical characteristics of the soils of the 
plots receiving liberal ajqdications of manure and fertilizers, 
and for that reason growing much larg('r crops and accu- 
mulating more root and stubbh* residues, were markedl.A' 
different from those of the unh'rtilized jdots at the end of 
the fifteen-year period. It would ai)]X‘ar that soil organic 
matter is largely a by-product of those fanning piactices 
which result in large ci’op yields, ^’he residual elT(>ct of 
fertilizers and manun* may be in part due to tlu' accumu- 
lated residues h'ft behind by the larger croi)s groAvn as well 
as to any unused mineral elements or nitrogem which may 
have been sui)plied. 

EFFECT OF GREEN MANURES ON CROP YIELDS 

\^’here green manuring crops, heavy root and stubble 
groAvth of hay ci’ops or roidues of any recently grown crop 
arc plowed under it would seem h)gi(;al to belie\'e that the 
mineral ehuiuaits and nitrogen contained in th(;s(! would 
soon become u.sable for the succec:diiAg croj). Pieters has 
prepared an extended revi(‘w of the literature on the effect 
of green manuring crops or crop residues on tlu; yields of 
the cn)ps following. Among the data given are some 
recorded by Saunders and Shutt of ('anada Avhich are of 
especial interest in this connection. 'J’hc clover was grown 
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as a catch crop and plowed under the subsequent spring 
and the plots w(*re jdanted to oats, which was followed by 
com and potatoes. The yields w'erc as follow's : 

TABJJ-: XXXV 


KKri:(’T OK C*L()\ Kii as a (Ikken C'uoi* fCantida) 


Previous CVo]) 

Oafs, 

Bushels 

Fodtlcir C'oni, 
^J\)ns 

T'otatoes, 

Bushels 

Wheat — no elovtT 

m 5 

10 4 


When t -clover 

72 1) 

22 S 

390 

Jiarley---' no clover 

hi 1 

17 ‘A 

310 

Parh'y — clovtT 

70 T) 

2A (i 

3S0 

Oats — no clover 

r,s s 

IT) 0 

3r)S 

( )at s — (ilovcr 

i 70 o 

! 

20 1 

392 


In each case tlie yields were very materially increased 
by the use of clover, and the good elT(Tts carried over to the 
corn and the i)otatocs following. .V part of this may be 
accounted for by the increased amount of nitrogen which 
is assumed to have been fixed by the clover, by on and 
Bizzell’s work avouUI indicate that clover may be more val- 
uable than a non-legume as a catch crop, not only because 
of the nitrogen \vhich the crop has accumulat(Kl from the 
air, but also because the clover residm's are more readily 
nitrified, i)robably because of a more* favorable nitrogen- 
carbon ratio. Pieters concludes that the evidence on the 
value of non-l('guminous green-mamire crops is inadequate, 
buti that the good effect of legumes when used in this capac- 
ity has been well established. 

SOME IMPORTANT CATCH CROPS 

The economy of gi’owing a crop purely for green ma- 
nuring purposes seems doubtful if this means the toss of the 
use of the soil for a crop season. Catch crops can be used 
to advantage between other crops and under good man- 
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agomont may satisfy the organic matter requirements of 
the soil. They serve to conserve nitrogen and to prevent 
erosion as well as to store up a su])])ly of readily available 
mineral nutrients for the next croj). Tlu' choice in catch 
crops is somewhat limited in the Northern States but a 
great variety ar(' a\'ailable for the Southern States where 
they are nK)st scTiously needed. South of the Mason and 
Dixon lino, crimson clover is a valuable winter catch croi). 
North of this line, rye and vetch are in most common use. 
Of recent years sweet clover has come into j)rominenc(' as a 
catch cro]) to be sown with small grains for plowing under 
the folhnving s])ring in jUTparation for corn or some other 
cultivated crop, lamest one and inoculation are the two 
outstanding requireiiKaits of this crop. 

Whiting and liichmond give some data on the height, 
weight and nitrog('n (‘(»nt(ait of swcM't (‘lover, at dates when 
it was ))lowed under for corn on exqxTimental lields in Illi- 
nois, which are significant : 

TAIU.K XXW'I 

t\ i:i(aiTS -wi) XlTKOCiKN CoNTKN'T OI SlMtlM. GllOWTH OF SWFFT (’lOVKU 

IN ll.LIvois 



Caleulated 

on Aere Ra'-)' 

f Wliitinf>:) 


Field 

Dale of 

lleielH. 

( Ireen W ei^lil, 

Xil ro^;(‘n, 

Sampling 

llielio 


Founds 

Urhiiiia 

i 

' May J 

]:{ 

T) S 

as 

Mirionk 

A] nil 

12 

a 1 

nil 

Jciliet 

A 1 nil 2a 

a 

7 a 

i;i:{ 

Tfiledo 

: May a 

2r, 

12 s 

laii 

Newt on 

May 10 

22 

12 1) 

1 ISS 

Raloj^rli 

May 1 

la 

12 7 

12 a 

Enfield 

May 1 

; is 

s 7 

1 121 


By plowing under this fn^sh l(*guminous matcTial it was 
found that an abundance of nitrate nitrogen was j)res(*nt 
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in the soil during the growth of the following com crops. 
Undoubtedly considcirable ainovanls of phosphorus, potas- 
sium and other (*ssential eleuK'nts w(!rc yielded up by the 
sweet clover in time for the corn crop. 
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CROP ROTATION 

The farther rein()\-e(l the soil is from the virgin state, the 
more necessary it Ix'conies t.o eonsider crop rotation as a 
means of economizing in tlie resources of the soil, and as 
an aid to the control of diseases, insects and weeds affect- 
ing the crops grown. Economy in the use and distribution 
of labor also forces the adojdion of the rotation principle, 
particularly as tlu' farms become smaller and the diversity 
of crops increase's. A consideration of the relationship of 
crop rotation to successful fie'ld management is given by 
Parker in which the gre'at variety of interredaled reasons 
feu the practice are maele ajjparent. 

CONTINUOUS WHEAT AT ROTHAMSTED 

Because e)f the length of time during which the tests 
have be'en unele'r way, the eamtinuous wheat expe'riineuit on 
the Broadbalk hield at Re)thamsted is of especial inte'rest. 
The se)il is a cherty e*lay le)am fairly libe'rally supplied with 
the mineral elements and containing an abundance of car- 
bonate of lime, ^^'heat was sown on these ])lots in 1844 and 
has been grown continuously evary year since. The cli- 
matic conditions an; favorable for high yields. By the 
u,se of liberal amounts of manure and fertilizers, the yi(;lds 
have been maintained at a rather exceptionally high level 
during the entire period. The following table .shows 
the average yields on certain of these iilots by ten-year 
periods: 

lie 
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TABLE XXXVIT 


Continuous Wheat in Buoaddalk Field (Rothamsted) 
Avcriigo Yields in Bushels ficr Aere 


PtTiods 

1 

; lTnnmnur(*d 

Mamir(!d * 

Bc‘st F(Tlilizor t 

lS44-r)l 

17 2 

28 0 


1852 61 

; 15 0 

84 2 

3() 1 

1862-71 

14 5 

37 5 

■10 5 

1872-81 

10 4 

28 7 i 

i 31 2 

1882-01 

12 6 

! 38 2 : 

38 4 

1802 01 

12 ‘A 

i 30 2 

1 38 5 

1002 1 1 

10 0 

! 1 1 
1 1 

37 2 

1 


* 1 1 foiiH :iiitiu:i11\' 

1 pounds uiiiiujillv of Jiiiprriviniatfly a 13-fi-O fertilizer toKelher with .'100 pounili} 

of Hodiuin uiid itiapnesiiiiii suli> hates 


Notwithstanding the favorable opportunities enjoyed 
by the parasites and eoinpeiitors of the Avheat crop, the 
failure of such a system of cropping to take advantage of 
the opportunities to maintain a somewhat more favorable 
mineral balance in the soil such as is assumed to result from 
a well-selected croj) rotation, and the lack of any attempt 
to supplement the nitrogen resources of the soil hy the 
growth of legumes, tlu' yi(‘lds have been maintained at 
what niiglit be considered a ri'iiiarkalily high level on th(^ 
unmanured plot. On the j)lots receiving manure and f('r- 
tilizer, the yields have bcnai exceptionally heavy. No men- 
tion is made in the literature of any especial difficulty 
with plant diseases or insects, but it has been necc'ssary for 
many years to cultivate the wheat with hoes in order to 
eradicate' troubh'some weeds. In 191 1 the west half of the 
plots and in 1915 the east half was fallowed of necessity as 
an aid in controlling weeds. 

The amounts of manure and fertilizers used in these 
tests were much larger than A\'ould be n'ciuired to produce 
such jdelds under more favorable systems of soil manage- 
ment when accompanied by a suital^le rotation scheme. In 
the Agdell Field nearby, on which the Norfolk rotation of 
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wheat, barley, turnips and clover or beans has been fol- 
lowed since 1884, the averap;e yield of wheat covering the 
intervening period to 1911 has l)eeii 24. .S bushels on the 
iinmanured plot and US bushels on the plot receiving min- 
eral manures but no nitrogen. Larger yi(4ds an' produced 
with greater economy by following a suitable rotation 
scheme. 

EFFECTS OF ROTATION AND CONTINUOUS CROPPING ON YIELDS 

Another interesting test of tlu' (*ai)acity of soils to con- 
tinue to produce cro])s without tlu' use of supplemental 
manure or fertilizers is given in t!i(' Ohio Iv\])eriment Sta- 
tion data from Wooster. A com])arison is ])ossil)le between 
the yields of corn, oats and wheat when grown (continu- 
ously and wh(ni grown in rotation with clover and timothy. 
Th(' soil, Woost('r silt loam, is not naturally highly j)ro- 
ductive although it r('s])oii(ls (\\(*(‘i)tioiially well to f(T- 
tilizers and manure. The yi('lds (‘ovc'riiig the t went y-fiv('- 
year period from 1894 to 1918 folh)w: 

TABLE XXXMII 

C(jmi’auim)n ]u-:Twi:i:v Coxtimo; s wd Kotxtion 

No rKRTILlZEKS — RoTATloX (’oilN, Oa'I.s, WlIKM', ( TiM()TI!\ 
'J.Wcur Avor.Mfro Yiclfl. — Bu^lK■ls TN r Af-n* 


Corn Oats W IkmI 


i" i ■ ; ■■■'_ r~ 

|( 'ontimious Rr)tal ioir( 'ojitiiiuous liolal mn ( 'onl imioiis' Holat n 


1S94-1S9S 

2(\ 2 

; :a s 

js ! 

JO 0 

10 0 

0 J 


Hi 7 

:jo s 

JO 4 

Js ;; 

1 

s 1 

s r, 

1!K)1-1»0S 

10 A 

;n 0 

Jl 0 

; :n 7) 

(i 1 

IJ () 


S 1 

‘JO 0 

IS 1 

; JO 1 

r> 1 

11 :$ 

1913 191S 

H 1 

Jl 7 

JO 4 

10 J 

s 1 

1 1 J 


A variety of (‘xplanatioiis for th(‘ Ix'tter yields with 
rotation may b(‘ siven. The soils hi\estiKator would sug- 
gest the eff('et of the l(*gume in conrKX'tioii with nitrogen 
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fixation; the more nearly e(]ual distribution of the mineral 
losses from the soil; the beltc'r control of competing weeds 
and of parasitic soil organisms; the (checking of loss(\s by 
leaching and erosion; the addition of more organic matter 
by the growth of clover and timothy; and other reasons 
which will b(^ discussed later. 

EFFECTS OF CROPS ON THOSE WHICH FOLLOW 

It will be recalled that the toxicity theory ” of soil 
unprodu(^tiven(\ss was based on the assumption that plants 
excret(Ml sul)stances during growth which were toxic to 
other plants, particularly those of the same species. Sub- 
secpient investigations have shown, apparently, that the 
only excretor}" product of i)lant roots which might b(' 
assunuHl to (*ause injury to the same or othcT croi)s is car- 
bon dioxid(\ In the absence' of cultivation it is j)()ssible 
in heavy oj* wc't soils that re'duction products might re'sult 
from the d('(*omj)osition of organic matter which might l)e 
toxic to jilants or to soil organisms. The eiuantity of 
toxic inorganic com{)()unds in the soil solution might also be 
incre'ased by growing plants which had a consideraJ^le* ne'ed 
for calcium. 

(Vrtain fie'ld obs('r^'ations ha\e re'sulted in the be'lii'f 
that cre)p se(|uence' is an important ])art of (Top rotation 
and that each cro]^ in some way affe'cts the crop following. 
This is ('videncc'd l)y the' differences in yields of the same 
(Toj) when following a variety of other (toi)s grown for 
the spe'cific purj)ose' of te'sting this point. .V rather remark- 
able ('xam])le' of such ditterences in yie'lds is gix e'ii by Hart- 
well and Damon in some Ithode Island data on this sub- 
ject. in whi(*h a serie's of plots, produe'ing diffe'rent cr()])s, 
we're planted, aftei* two ye'ars, to the same crop. Subse- 
(luently the' original crops were grown another two ye'ai 
and a common crop planted over the e'litire' seric's a second 
time. The three cemimon croi)s grown were^ onions, buck- 
wheat and alsikc clover. 
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TABLIO XXXIX 

Effect of Crops on F ields of Those which Follow (Hartwell) 

A DiiTcrciit Crop on Encli Plot Two Ycnrs — A Coniinoii Crop One Year. 
Yields of C'oininon (Vops in Biish(*ls or Hun(ln*(lw(‘iglit. per Acre 


Previous C'ro]) 

Onions 

Biickwh(*;it 

Alsike * 

Onions 

2S9 

20 S 

79 

Potjit.ocs 

110 

22 7 

70 

Bevts . . 

72 

20 7) 

72 

Turni])s 

99 

s 

74 

(dil)h:ij;c‘ . . . . 

SS 

20 2 

72 

Buckwli(*:it 

112 

12 0 

70 

("orn 

2S(» 

7) 1 

7() 

Millet 

1 :n9 

1 4 

()() 

Outs 

:m 

17) 0 

72 

Rye . 

\ 1S7 

21 7) 

S7) 

Red top . . 

7)21 

9 0 

SO 

Timothy . . . 

:mv2 

4 4 

70 

Alsike clover 

417) 

7 2 

7)0 

Red clover 

249 

7 7) 

7)2 




The variation in th(* yield of the followinp; crop is most 
marked on acid soils such Jis those on which the Hhode 
Island tests \ver(i conducted. A subsecpn'iit bulletin ])ris 
sented data which indicated that the yield of the onion 
crop, which grows best on limcHl soils, was largest following 
the previous crop which Icjist affected the soil reaction, viz.: 
redtop. It is possibles that in other (-.ases the explanation 
may be found in some other elenuMii. The observation of 
Lyon and Bizzell, previously noted, would indicate that the 
residues of crops may vary in their effect, on the subse{iuent 
rate of nitrification. 

CROP SEQUENCE IN ROTATION 

It is a matter of (ronimon knowledge in the Ckmtral West 
that the yield of wheat following oats, tobacco, potatoes or 
soybeans is usually considerably higher tluui that following 
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corn. In the ordinary grain belt rotation it is a matter 
of considerjible importance to determine whether the 
sequence should be corn, oats, wheat, clover; corn, oats, 
clover, wh(“it; or corn, wheat, oats, clover. Factors other 
than the soil may decide; this point uiil(;ss it is shown that 
the yields may be considerably better with some other 
seejuence. 

Jhe fact that the differences in yield, as related to the 



Swoot Clover 

Urihnied 


1m(j. 15. “Tlic iinport;iiicc the Icp:uni(* (;rops in K(‘noniI farming rotations 
is swell as to make it (l(*.sir:if»lc to wnteti earcTwlly any limiting factors 
Hliich tcml Id iircvciil llicir siicccs.sfiil (fi-owlli.” Pilot oKi-iiph from Oliio 
Kxpcriincnl Slalioii I'':inii at Woosicr 

previous croj), are magnified on acid soils would make it 
ap])e4ir ad\’isal)le to arrange the crojis in the order of their 
need for lime, once it had been applied. The (juestion also 
arises as to whether it is desirable to af.t(nnpt to fit into the 
same rotation, crojis liavingsuch different lime-reiiuirements 
as, for examjde, alfalfa and oats. In acid soil sections it 
is easily iiossible that, one fiidd could b(;st be .set aside for 
alfalfa and den'oted almost e.xclusively to that imrpose, 
with liberal apiilications of limestone and phosphate, while 
the remainder of the farm might bo devot(;d to otlier croi»s 



122 


CHOP ROTATION 


in rotation which wore loss sensitive to acid soil condi- 
tions and to which h^ss lime need be applied. The popu- 
larity of sweet (d()\'er as a green manuring (Top may pos- 
sibly wane when the soils IxTome more acid if it is found 
inipractic^able to maintain the linu^stone content at a point 
sufficiently high to satisfy the recpiin'incnits of such a crop. 
On the other hand, it is possible that the valuer of these crops 
for soil-imi)ro\ ing purpose's may justify the use of enougli 
liiiK'stoiK' to guarantee tlnar successful growth. 

THE LEGUME CROP IN GENERAL FARMING ROTATIONS 

The hniiortance of the leguiiH' crops in geiK'ral farming 
rotations is such that it is ('ssc'iitial that (*ar('fiil attention 
))(' given to th(' control of any factors whi(^h tend to pre- 
vent their succc'ssful growtli. Of particular intorc'st in 
Corn licit rotations is the popular little red (*lov('r. As 
soils become oldc'r and sonu'what deficient in available 
mineral eh'inents as w('ll as in carbonate of lime, this croj) 
usually giv('s way gradually to alsike cIovct, which may 
subsecpiently yi('ld to timothy. Tlu' lonu'dy, as a rule, is 
tlu' mor(^ liberal us(' of phos])hatic fertilizc'rs and th(' ap])lica- 
tion of limestoiK'. Of rc'cc'iit yc^ars more difficulty has 
b(*en expc'ric'iiced with certain insc'cts and disc'ases which 
attack red (dover but which are not troubk'some with alsike 
or sweet (do\'er. Particular nu'iition should be made of 
clover anthracaiose in this connc'ction. The n'lncMly lies 
in the lengthening of the rotation or in tlu' substitution of 
other legum(\s every oth(T time around th(' rotation. Sim- 
ilar troubles an' ('xju'ric'ncc'd with other legunu' crops. It 
seems desirabh' to add that th('. lossc's from disc^ases and 
insects will be niucli k'ss if attention is giv('n to maintain- 
ing an adeejuate supply of miiuTal c'k^ments in the soil and 
a favoral)le inaction of thci soil solution. SonudJiing (^an 
be done in (*hoosing the legume to fit, th(^ (conditions. The 
substitution of non-legumes is not feasible^ (except in mone 
intensive systems of farming in which the selling price of 
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the crop is suinciontly high to justify the purctiase of the 
necessary fertilizer nitrogen. 

INSUFFICIENCY OF CROP ROTATION ALONE 
Hopkins has (tailed attention to the fact that crop rota- 
tion cannot b(' considered as adding anything to th(' soil 
(excei)tiiig nitrogen se(*ured by the nodule organisms of 
clover and ev(ai the giiin from this source is quc'stioned if 
the crop is harvested and nunoved) but that it very def- 
initely increase's the rate at which the eh'inents are removed 
from the soil by reason of the larger cro])s grown. C'ouph'd 
with a system of livestoe^k farming in which tlu'se croi)s 
are n'turned in large part as manure, or with adc'ciuate 
provision for tlu' return of the essential mhu'ral ehunents 
and limestone in commercial forms, rotation lu'lps t.o imi)rove 
the productive capac'ity of the soil as the years adxance. 
Failure to take into consideration the requirements of these 
larg(' yields soon results in the exhaustion of the available 
mineral nutricaits and in a reduction in yi('lds even on the 
best of soils and with th(' most desirable rotations. An 
exampU' of this is afforded by the Pennsylvania Experi- 
ment Station data in a rotation of corn, oats, wheat and 
clover growing on a naturally productive' residual limestone 
clay loam soil, of the Hagerstown s('ri('s. The yields follow : 

TABLE NL 

Rotation without IManx ue ok Fkutiliz.eks (IV.wsvlvama) 

Totiil Acrt* Produce uf (’orii, Oat-i, \Vli(‘at and Clover 


Hotat toil 

Pounds 

First 

14,081 

Second . 

I4,;i4:3 

Third 

r2,(ii2 

Fonrtli 

9,r)t);3 

Fiftli 

9,S17 

Sixth 

s,s;j7 

Seven ill 

s,or)7 


* AvernEO uiif(’rliliz<*(l yu ldh for 1 ht- iMitirc- iuthhJ 1S82 lUKi have* heon aS S bushels of 
corn, in 5 of oats, l-'i 5 of wheat and 20 (» ewt of elover 
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CHAPTER XV 


THE CONSERVATION OF SOIL NITROGEN 

While the avorago soil contains about 3500 pounds of 
nitrogen per acrt* to j)lo\v depth, with smaller percentages 
in the subsoil, llu* ah’ abo\'c ('ach acre is (\stimated to (!on- 
tain seventy million {loimds of this element. This is avail- 
able for use by plants, assuming that advantage is taken 
of the capacity of nitrogen fixing organisms to change it 
from the gas('<)us to the combined state from which it may 
subsequently be lilxTatcd for the use of crops in the nitri- 
fication process. The economy of soil nitrogen presents a 
peculiar problem in anotln'r way by reason of the solubility 
of the nitrates and their tendency to be hiached from the 
soil. There is a further complication with nitrogen in the 
possibility of loss through denitrification in which c.ase the 
element is returned to th(' air in the elemental state. Such 
losses are probably somewhat limited and yet they may 
occur under amu'robic conditions. It is gem'rally assumed 
that if the problem of nitrogen economy has Ix'en solved 
t.h<‘ ])robl('m of soil management has been very materially 
simplified. 

COMBINED NITROGEN IN RAINWATER 

Liebig was of the opinion originally that the ammonia 
of th(' atmos])h('re served to renew the nitrogen of the soil. 
Law(w and (Albert’s controversies with Liebig were, among 
others, concerning this point. They subsequently found 
that, the total combined nitrogim in th(' rainfall at Rotham- 
sted amounted to only from 3 to 5 pounds per acre annually. 
A review of these and subseiiuent investigations on this 

12 .'> 
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subject, by Wilson, iiidicutes that in some cases the amount 
of nitrogen from this source may even b(' as much as 10 
or 15 1)ouik1s i)er a(Te, tlie quantity being probably related 
to th(' rainfall and to the nearness of industrial plants con- 
suming large amounts of coal. At Wooster, Ohio, the 
nitrogen content of the rainwater has been from 6 to 7 
pounds yearly, with a rainfall of 37.9 inches. Su(*h amounts, 
while inad('(|uate to comjM'iisate for losses occasioned in 
th(‘ removal of cro])s, serve as a sup] )1 omental source of 
nitrogen sutficiently large to have considerable influence 
in the economy of nitrogen over a period of years. 

EXPLANATION OF VALUE OF LEGUMES IN ROTATION 

The good effect of legumes on the cro])s which follow has 
long been known. Lawes and (Jilbert early discovered that 
legumes contained relatively high ])ercentages of nitrogen. 
It was g(*n(Tally assumed that they functionc'd in some way 
as agents for the renewal of the nitrogc'ii in the soil, but 
evidence of their nitrogen-fixhig capa(*ity was wanting. A 
considerable amount of investigational work was conducted 
by Lawses, (iilbcTt and Pugh at Pothamsted, by Houssingault 
in France, l)y AtwatiT in Comiecticut and by llellriegel 
and Wilfarth in (lermany. The tinal proof tliat nitrogen 
fixation was a function of the nodule organism was announced 
by Hellriegel before a meeting of research chemists h(‘ld in 
Berlin in ISSti. In tliis report it was shown that all that 
was ne(‘d('d to mak(' a h'guiiH* grow' on a sandy soil con- 
taining little or no nitrogc^n was the ])r('sen(*(' of the min- 
eral (ilements and an extract from a soil which had i)re- 
viously grown this I(‘guine. All of th(‘ jdaiils w'hi(Ji gnwv 
suc(;essfully undcT such conditions carri(‘d nodul(\s on their 
roots. SubscKpiently it was discovered that it was not 
essential that the Bacillus radicicola be', associated with 
higumes to fix iiitrogtTi but that this cooperative arrange- 
ment increased their efEcienc^y. 

Very carefully controlled tests have shown that nitro- 
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gen fixation is not a function of the leaves of legumes but 
that it is aceoinplishecl solely by the nodule bacteria. The 
nature of th(^ first nitrogen product S3^nthesized is not 
known but aninionia and asparagiii have been suggested. 
Once the nitrogen is built into protein (uinibinations in the 
nodule organisms or the legume, it is jiroliably a\'ailable 
to other crops only through nitrification. As to whether 
any associated non-legumes are benefitcHl by nitrogen fixed 
by th(^ nodule organisms is uncertain. Wdiile the content 
of the nitrogen of the associated non-lc'gumes has been 
showm to l)e increased, this may be l)v reason of the fav- 
orable effect of the legume on nitrification. 

INOCULATION OF LEGUMES 

In Hellriegel and Wilfartlfs experiments it was noted 
that inoculation was not a(‘com])lishe(l in certain (*ases 
unless the soil extract was s(H*ured from a soil on which 
the particular legume had been previously grown. .After 
some years of inve'stigation of this problem, the (*on(*lusion 
has been r(\‘ich(Hl tliat tliere are father sf'veral sjiecies of 
the noduk' organisms or that, by reason of tlaar loiig asso- 
ciation with th(' diff(T(ait. species of legum(\s, th(\y have 
become ada])t(Ml only to the sjiecies or family with which 
they have Ixaai associated in nodule formation. Tor this 
reasmi it (piite common to find examples of failures of 
legume cro])s for wdiich no (explanation is availal)le ('xc-(e])t 
that tlu'y an' mwv to the fkeld in w hich they are planted and 
that the n('C('ssary s])(eci('s or adaptation forms of nodule 
organisms an' absent from the soil, '^fhe difficulty has 
oftx'ii l)('('n o\'('rcome by the use of soil taken from a fiidd 
on wdiich that sp('ci('s of Ic'gunu' has Ix'C'ii grown i)reviously, 
or of inoculating matc'rial j)r('j)ar('d from j)ur(i (ailtures of 
the organisms secun'd from the nodulc's of the same legume 
siK'ck's. The success of artificial inoculation has been such 
that legume failures are ofton cnxlited to lack of inoculation 
when th(‘ limiting factor may have been insufficient phos- 
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I)liatc or (rarboluite of liino, inadequate' drainage or perhaps 
the presence of some dise^ase. 

Ordinarily, successful inoculation may be accomplished 
by sowing a few hundred ixmnds of soil ])er acre <^r by 
moistening the seed with a suspension of the inoculated soil 
in water. At times it is more coinenie'iit t-o use commer- 
cial cultures, many of which hav(' been found t,o be n'liable. 
The I'^nited States Depart nu'nt of Agriculture and several 
of the state experiment stations have Ix'C'n distributing 
pure cultures of nodule organisms to farmers at. cost. A 
number of commer(*ial (*on(*erns also produce them for sale. 
A variety of culture media have been suggest('(l for us(' in 
connection with the growtli and distribution of these cul- 
tures of which the following is an examine of one which has 
proven satisfactory: 

Cri/rUiL SoLT TlON FOH LhM MK UxCTiJUA 


'la]) lOOOcr 

Potassiiiiii |)lios|)liat(‘ 1 ^r 

IMmkiu’siuih 0 ‘J 

CaiH* sujiar 10 p- 


EFFECT OF ACID SOILS ON NODULE BACTERIA 

In the above solution tlu' reaction is adjiistc'd ordinarily 
to approximately thc' neutral })oint. The (tlect of acidity 
on the nodule organisms varies with the s])ecies or strain. 
In general tlu'ir sensitiveness to acid soil conditions is 
believed to corresi)ond to that of the sexeral h'guine^ on 
which the}" I)ro(luc(' noduk's. Among the more recent 
investigations of this ])oint is that of k'rc'd and l)avenj)ort 
who classify certain of the nitrog(‘n fixing organisms with 
reference to their critical acidity as shown in Tal)le XLI. 

The nodule organisms are known to continue to live in 
the soil for some time' aftc'r the associated k'gume has been 
grown. If the soil remains in a condilion suitable' for the 
growth of that species of k'gume, th(^ nodule organisms will 
probably survive in the soil for an indefinite i)eriod. If 
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TWRLE XLl 

Relative Sensitivi^aess (if Xttikxjen Assimii.atix(; Racteiiiv 
TO Ac’idity. (Kued.) 


Croups of Bactc'ria 

SiMisit ivcMK'ss to Acidity 

(Titical pH 

Alfalfa aud sweet clover 

]\Io^t sensitive 

j -i S 

(Jarden j)oa, field jM'a and vetch 

Mon* siMisit ive 

' 1 (> 

Riul clover and coininon heat s 

S(*iisit iv(* 

1 1 

Soylx'ans ainl v(‘lv(‘t hean 

L(*ss sensitive 

12 

Lu])in(* ... 

Least sensitne 

1 

Azofobaclt'r 

' Exfn'uu'ly s(‘iisitiv(' 

6 1 


thr k'gimio hits ])rrn ftrown but Litei- fails })y roason of the 
lack of carbonate of lime, the corresponding nodule organ- 
isms may also liavi' to be supjdied b(‘fore another crop 
of th(' saiiK' h'guiiK' can l)e grown most suc(*('ssfully. The 
virulence of tlu' organism is probably iiuTeased by frequent 
association with tli(‘ legume. 

CROSS INOCULATION 

Th(^ (pu^stion of cross inoculation has not been entirely 
setth'd, but the h'gunu's (^an be arranged in groups with 
refer('nc(‘ to the ('ase with which their associated nodule 
organisms inoculate' (^a-ch other. The following classifie^a- 
tion is that of Ihirrill and Hansen who divided the legumes 
studied into eleven groups of which seven are shown in the 
table below as containing those most commonly grown: 


TABLE Xiai 

C'koss Inoci'latim; (litorrs of LiAirAUA (Bi iiitiLL and Hansen) 

1 Red, in;iiiiiii()t li. ;ilsiKr. cniiison jiml wliili' cIovcts 

12 SAV(’fl clover mikI 

:> (Viw])(‘:i. clover ;iii(l peniiul 

1 (Jiirdeii ;md field peas; v(‘fcli and swf'et pea 

o SoaIkniii 

d ( iard('M lu'an 

7 Idaek locust 
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INOCULATION OF NON-LEGUMES 

Oociisionjilly inc|uiries are rooei\'ed, ])r()bably inspired 
by those dealing in inoeulating materials, coneerning the 
growth of nodules on the roots of such cro])s as corn. Tlie 
most notable exj)erim(ait along tliis line is that reporb^l 
by th(' Illinois Station in whi(‘li a. study was made of the 
organisms which live in the nodules commonly found on 
some of th(' non-h'gunies. "I'he conclusion was reachc'd 
that tliese noduk^s Avere not produced by nitrogen-fixing 
organisms. 

In 1S98, SchmadcT, at the Illinois Station, cultivated some 
bacte'ria, sc^curc'd from nodules of tlu^ common bean, upon 
bean extract agar and then ui)on a mixture of bean extract 
and corn extract and finally upon corn extract agar alone. 
An attemj)t was then made to grow nodules on corn and 
oats. Tlie inoculated corn and oats plants produced no 
nodules although Schneider clainKnl that lh(\v wen^ more 
thrifty than the uninoculated jdanls. 

Attem])ts were mack' likewise to produce nodules on 
tomatcu's, strawberrii's and morning glory i)lants by the 
use of bactca'ia wliich liad been sc'ciinnl fj-om sweet clover 
nodules and growji on tomato stem slants. (MIkt speci- 
mens of these slants A\ere inoculat(‘d with com])osite cul- 
tur(\s from nodules of 45 diilenait k'gume species. In Jio 
cas(' Avas there any a])j)ar('nt ('fiect. 'While sucli (‘xjxTi- 
ments may in tinu' be successful, the ])r(‘s(ait indications 
are that such a result is imjn’obable. 

INOCULATION WITH AZOTOBACTER 

As a rule, inoculation of th(‘ soil Avitli non-symbiotie 
nitrogen-fixing (nganisms has not Ixxai shown to have any 
very beneficial (effect, although some exce])tions to this have 
been noted. It is f)robal)k‘ that Ix'st n'sults could be 
expected from such inoculation on recently limed soils in 
Avhich the Azotobacter liad been Aveakened or destroyed as 
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a result of aeid soil conditions. However, most arid soils 
contain neutral areas or oc^casional particles of limestone 
which probably serve* as centers of infection for Azotobacter 
as well as nodule organisms. W hen sii(‘h soils are limed, 
these organisms on being distributed during the processes of 
(niltivation may reino(‘ulate the entire mass of soil. 

QUANTITIES OF NITROGEN FIXED BY NODULE BACTERIA 

There has bec'ii considerable speculation concerning the 
nitrogeai-fixing ca])acity of legumes and their associated 
nodule organisms. A statement of II()j)kins, which has 
been frequently niis(j[uoted, (Tedits “ not more ” than two- 
thirds of th(' nitrogen of red clover to the air and one-third 
to the soil. The “ not nuTe is usually omitted. On the 
assumi)tion that th(' proj)ortions indi(*ated obtain, Hoi)kins 
l)oints out that if a cro}) of clover was grown and removed 
from the fi(*ld, tlu' soil would neitlKT gain nor lose in its 
nitrogen content. This assumj)t ion is based on the evidence 
of the Delaware Experiment Station which indicated that 
of the total nitrogc'ii of the clover plant one-tliird is to be 
found in the root.s and stubble and two-thirds in the har- 
vested croj). If the clover <Top was i)lowed und(T, the gain 
in nitrogen on tlie basih of this assumi)tion would be 40 
pounds for eacli ton of clover hay }m)duced. If the (*lover 
was fed and tin* residiu* r('turned asnuinun', the gain would 
be 32 i)ounds per ton of hay, assuming an 80 per cent nitro- 
gen rec'overy in the manure. 

Such a simi)le statiunent of the (luantitative effects of 
the clover croj) on the nitrogen content of the seal is likely 
to be far from the tiTith in many cas(\s. II(*llriegel and Wil- 
farth’s original exi)ei-imtaits had shown that the entire 
nitrogcai r(‘(iuirements of l(*gumes (^ould be satisfied from the 
air when th(\y were grown on nitrogcai-ln'e sand. Sub- 
secpient studies have made it apparent that in the presence 
of available nitrogen in the soil m*ithor the symbiotic nor 
the non-symbiotic groups are lik(4y to secure all of their 
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Soil Liquid Agar 

Fig. Inoculation of a legume can be accomplished bj* the use of soil taken from a field on which that 

species of legume has been previously grown or of inoculating material prepared from pure cultures of the 
organisms secured from the nodules of that species of legume.” 
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nitrogen from the air. The rate of fixation, therefore, is 
determined not only by the extent to which conditions 
have been made favorable for the growth of the legume 
and its supporting organisms, but also by the extent to which 
their nitrogen reepurements are satisfied by that made 
available by nitrifi(!ation in the soil. 


SOME POT EXPERIMENTS ON NITROGEN FIXATION 


An iiil.(;resting and suggestive study of the (piant itative 
fixation of nitrogen under optimum (londitions is found in 
the pot experinu^nts of Hartwell and Pcmiber. In these 
tests five (•roj)s each of cowpc'as and soybeans were grown 
in two different sets of j)ots with vetch as a winter cover 
crop. The summer h'gumes were harvested and removed 
and the cover crops were turiMnl und('r. Th(' following 
table gives a summary of the data calculated in terms of 
an acre of soil : 


'I'ABLE XLIII 

Fivk-Ykmi Pot I^xpkklmhvts on Nituookn FtX;\tiox (T{tiot)k Island) 

Id'^iinu's !is SumiiM'r ( Vops- V<*tch as Winter Cover Turned (’nder 

. 


Nitrogen (\)riteiit 


Pounds of \itroK(*n 
j)er Acre of Soil 


I Soyhc'iins (’owpeas 


In soil at bofriiininp;. . . . 


;M71 

In planted seeds . . 

(t(K) 

2(i5 

In added inaniire and water 

71 

72 

In ac'rial juirtion t)f l('p:uiiies . 

i;40 

1 170 

Jn soil ;il (*nd of test 

ISUO 

1 192 

(lain in introaeii in o \(*;irs 

1S45 

2ir>4 


Under conditions suitable for pot tests the non-symbiotie 
fixation is also favored si> that the division of the credit as 
among tlu' s(“veral gi'oups of tu’ganisms is very difficult. It 
would be interesting to continue such an cx]ieriinent for a 
longer period in order to determine the point at which 
nitrogen fixation would cease by reason of the abundance 
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of available nitrogen iii the soil. Fixation in the above 
test was at a rale of 200 pounds for ea(;h legume crop, a 
considerable part of which may have been accumulated 
by the non-sjunbiotic gr()U[)s. 

EFFECT OF INOCULATION ON YIELD AND NITROGEN CONTENT 

OF LEGUMES 

A method of estimating the amount of nitrogen fixed 
by the nodule bacteria, which has been em])loyed frequently, 
is that of com])aring the nitrogen content of ino(;ulated and 
uninocuhited h'guiiK's grown on e(]ual areas of land and cal- 
culating the data on tlu' acre l)asis. An example of such a 
comparison is selected from data rejxu'ted by Fred on soy- 
beans grown on Plainfield sand on which no legunu's had 
been seeded for at least twenty yc'ars j)r('\'ioiisly. Tlu^ data 
follow : 

TAHLJ*: \u\ 

The IxritEASE jx \ iki.d and the Amoi vi' of NiTEOfii.x Fixed as a Result 

<,i- ]no <1 LMION OK Sn^ liEAXS CilU X 0 \ l*Ji \ I \ I’l El.D SWD 



Vm 

‘Id Caleul;i1(‘d 

on Aero Ihisis 

Yield 




i 


Tops, 

Hoots, 

\odul(‘s, 

'roijd 


[VhiikU 

FouimIs I 

J*ounds 

Founds 

Vilh l);ict(*ri:i 

‘Jolts 

11)7 

llo 

JDK) 

A\’itliout ))iic1enM 

SI I 

1 lo 

0 

DnO 

CJain diu‘ 1o iiuK-nlal ion 

I7s7 

oJ 

1 

I lo 

lor.i 

1 

1 


XitroKCn C;ileul:it(‘d on Aen' 

Rasis 

Nitrogen Content 


Roots, 

Nodules, 

Total 


l*oiin(F 

Founds 

Founds 

J*ounds 

Witli hjiefona 

07 1 

J 1 

o S i 

0.0 ;{ 

Without tiarteiiM 

7 I 

0 s 

0 

S .*{ 


7 10! 5 s ; r>7 o 


(iuin du(‘ 1o iiKKMilat ion 
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LOSS OF NITRATES IN DRAINAGE 

Under field (iondifions there is considerable opportunity 
for th(; loss of nitrat(!s in the drainages watc'r. The most 
reliable data on such losses an' to b(' found in lysimeter 
tests of which those of Lyon and Bizzell at Cornell are typ- 
ical. Soil was transferred from the fic'ld to ihe lysimeters 
with as little disturbance ;is possible, the several horizons 
of soil Ix'ing i-e])la,ceil as they occurred in tlu* field. The 
data in these tests indicate that the (luantity of available 
nitrogen is (luite definitely related to th(' (toj) and its influ- 
ence on nitrification. The loss('s aie reduced to a mini- 
mum where a crop is kejit growing on th(' soil. Data on 
drainage losses of nitrogc'ii from Dunkirk clay loam soil 
having a nitrogen cont('nt of 0.1.34 ])er cent in the surface 
foot of soil, and \’olusia sill loam soil having a nitrogen con- 
tent of 0.145 ])er c('nt in the surface foot follow: 

rAHI.K -XIA 


DitAlNAdIO LoSSKSOF Ni ritOtilON A.s 1 {|:I.\TKD to (‘uDIT'INC SySTILM f(^)ItN'ELL) 
I’duikIs of NihojAt'n ]»or Acit* in (’rop^ miuI Dniiiia^’t' Atmuallv 


Crops 

Dunkirk (1 

ay Loam Soil 

\oIilsiaSill 

Loam Soil 

In (’rops 

i 

! In l)rainat!.(‘ 

In (’rops 

In DramaKC' 

Maize ... 

ID 

12 

:v2 

Id 

()a1^ 

i o 

\) ; 


10 

Mixed j^ias.scs 

l(> 

I 



Tiinol li\ 

U) 




'riniotliy and clover 

7:\ 

'2 



IVas 



SI 

12 

liarc 1 aides 




T)! 


THE SOLUTION OF THE NITROGEN PROBLEM 

The solution of tho nitrogoii })robl('in lios in the conser- 
vation of the nitrofi;cMi coinj)oiiiKls in tlie soil hv prevention 
of drainage losses; hi tlu; return of that contained in the 
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manure of the animals fed on the crops grown; and in sup- 
plementing the combined nitrogen in the st)il ivith that 
secured from the air by taking advantage of the nitrogen 
fixing capacity of the symbiotic and non-syinbiotic organ- 
isms in the soil. The verj' prominent part played by the 
nitrogen-fixation agencies is ai)parent. It is especially 
necessarj’ that achantage bo tak('n of these agencies in 
those cropping syst(^ms in which the acre values of the 
crops are not such as to pen nit of supplying the nitrog(!n 
requirements in the form of h'rtilizers. Umh'r favorable 
conditions nitrogen fixation must be (juite rapid and suf- 
ficient to satisf>’ the r(‘(pu?‘emei fs of large yields, ^'he 
organisms having to do with fixation are appanaitly ben- 
efited by those pra.c1ic(;s which an* ordinarily (nni)loyed to 
increase the yield of most crop jdaiils. .\])plicalion of 
limestone and of i)hosphat(* and potash fcTtilizers, the plow- 
ing under of organic matter, and the use* of tih* drains may be 
effective by reason of their stiniulation of nitrogen fi.\ation 
in th(* soil as w(ill as from their direct effect on the crops. 
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MINERAL ECONOMY IN SOILS 

The application of the “ bank account ” system to the 
nitrogen and mineral resounuis of the soil is found to be 
unsatisfactory in a number of ways. Ordinarily this has 
called for an inventory of “ deposits ” by means of chem- 
i(!al analysis for total constituents and a record of the 
“ checiking ” losses sustained in the removal of the soil 
elements in crops and drainage. Often the soil resources 
arc presented in terms of the number of pounds of each 
(ilement estimated to be in the j)lovv depth of an acre of the 
soil in question. It is recognized, however, that the roots 
of most of the ordinary farm crops i)enetratc the soil to a 
depth of several feet and that possibly under favorable 
conditions a considerable i)art of the mineral requirements 
of crops may be secured from the subsoil. Deep-rooted 
legumes, for (example, are often grown with difficulty on 
soils having an acid reaction, but if once the roots have 
penetrated into a subsoil which contains a fair amount of 
(iarbonate of lime a marked improvement in the crop is 
noted. 


ESSENTIAL ELEMENTS IN THE SUBSOIL 

(Considering only the elements commonly supplied in 
the form of fert iliz(!rs and in limestone, it is interesting to 
note the quantities of these in successive depths of soil and 
subsoil. An example is given by Hopkins which will afford 
some idea of what is to be expected in the glaciated soils of 
Illinois. 
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TAULIO XLVI 


A\'EiiA<iK Anai.ysks (»k T\\ knty Illinois Soils 
CulcuhiU'd 111 I’oaiiils jh'I' 'I' wo Million Potniils of Soil and Subsoil 


Dopth 

W(Mj»:lil of 
Soil 

NitrogcMi 

1 

il^liosphorus 

! 

Pnlassiiim 

Liin(‘st(>iu' 

e) - (j.i in 

2,000,000 

4,0')! 

; '.I"*'* 

.{:{.or)2 

1,710 

(>5-20 in 

-1,000,000 1 

j 2.21S 

: !i!)i 1 

24,471 

1 ,240 

2e) -10 in 

ei,ooo,oo() ; 

rm 

-)0.S ' 

1 

1 7,200 

S.OOO 

Totnl, 40 in. i 

I 

12,1)00,000 ' 

10,002 

l.liliT 

ir,1.()S0 

21,000 


AGENCIES EFFECTING RENEWAL OF SURFACE SOIL 

Li('l)ig’s “ luiiirnil theory ” slnles tlial “ the crops on a 
field (liiiiinish or increase in exact pro])()rlion to tlie diminu- 
tion or increase of the mineral substance C()nv(\ved to it in 
manure.” AVhitney, in consid<Ting the apj)lication of this 
theory in Ameri(*an t('achin^*s and ))ractic(‘, (*ame to the 
conclusion that it was being inter])reted too literally. It 
was his opinion that the resources of the soil were prac- 
tically inexhaustible and that certain compeiisatory proc- 
esses were in operation which would serv(' und(‘r good man- 
agcaiK'nt to renew the soil ehanents re^iuired for plant 
growth as rapidly as they w(Te removc'd. Among these 
were mentioiKHl the fixation of atmospluTic nitrogen; the 
upward movc'ment of soluble salts in plants and in capillary 
water; the action of burrowing worms and insects and the 
effects of erosion. 

PLANTS AS SOIL RENEWING AGENTS 

In tlu^ table of analyses of Illinois soils and subsoils 
the nitrog(‘n and phosjdiorus are shown to Ih' more con- 
centrated in the surface' soils. The' ('xplanation of this in 
the case of nitrogen has i)reviously been given and lie's in 
the fact that nitre)gen-fixatie)n pre)cesses are largely aeTe)bic. 
There is also a tendency fe)r the' accumulatiem e)f i)hosj)he)rus 
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and nitrogen in the surface soil by reason of their having 
been utilized by plants and left behind in their residues in 
the surface soil. Plants secure the element phosphorus, 
at least in part, from the subsoil and its translocation to the 
surface of the soil is through the plant. Similarly it would 
seem that, others of the necc'ssary mineral elements might, be 
sc’icured from the subsurface and subsoil and left behind in 
the surfa(*(^ soil in plant remains. This suggests the use of 
deep-rooted crops in the rotation as a means of utilizing 
the mineral elemc^nts in the subsoil. 

PLANTS AS SOIL CONSERVING AGENTS 

It has been shown that the losses of ehanents in the 
drainage water may be veay consid(Tably nHluced by kec'j)- 
ing the soil covered Avith vegetation. As to whether this 
will result in tlu* constTvation of the mineral (elements will 
be determined by the (‘xtcait t.o which the crops themselves 
are returiuHl as such, or in the form of manure, to the soil. 
The roots and stubble of cro])s should in any case function 
as eons(TV(Ts of a part, of the total amounts of the several 
elements savc'd from drainage by the (*ro])s. 

TWM.v: MAJl 

EI'W.C’T ok Cl{01M*I\<i ON LcjSM'.S of MiM'IIAI, ElFMFNTS «Y DltAINACJE. 

L\siMi;rij( 'I'fsts — M vni ked Oiakikk I^oam Soil 
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A comparison of the losses of soil elements in the drain- 
age from bare and crojjpwi soils is given in the lysimeter 
data of the Cornell Agricultural Experiment Station as 
shown in Table XLVll. 

The table indicates the extent to which losses of the 
mineral elements and nitrogen arc i)revented by growing 
crops on the soil. A part of this sjxving is accoimted for in 
the crops removed and an additional amount in their root 
systems. There is a further wiving in the reduction of 
percolation through the soil since in the experiments indi- 
cated this was reduced from over 24 inches 1.o 17 inches 
when the soil was gi’owing crops. The iiKTcnsed loss of 
water from the soil through transpiration also tends to 
give a greater opportunity for tlu* rise of any soluble ele- 
ments in the subsoil toward the surface by being carried 
upward in the capillary water. 

CAPILLARY MOVEMENT OF SOLUBLE SALTS 

The rate of diffusion of soluble salts in soils is slow. 
They may be carried upward by the (tapillary water or by 
gravitational water accompanying a rise in the wabtr table. 
In this case there will be an accumulation of salts on the 
surface of the soil unless the ui)ward capillary moveiiKtrit is 
balanced by a gravitational inovenK'iit downward. As 
these salts move through the soil in either direction c('rtain 
changes in concentration take place as a result of soil absorp- 
tion. King investigated these changes by supplying a 
water solution of salts at the base of 24-inch columns of 
soil, exposing the soils to the action of evaporation, and 
detennining the salt content at various depths of the soil 
columns at the expiration of periods of from sevent.(*('n to 
twenty days. Additional water was supplied at the bottom 
of the soil colunms to take the place of that lost from the 
surface by evaporation. The data follow : 
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TABLE XLVIll 

Capillary Movement of Salts in Soils in 17 to 20 Days (King) 
Solution of Salt^s Supplied at Bottom of 24-inch Soil Columns 


• 


Parts per Million of Ions 
as Distributed in Soil 



K 

(^a 

Mg 

NOa 

HPO4 

SO4 

Norfolk S:ind: 

()- 1 inch below surface 

;n 

300 

G3 

lOGS 

4.S 

34 

10-12 inches below surface . . . 

s 

2() 

10 

43 

4 3 

3G 

Original soil ... 

15 

15 

11 

4() 

3 7 

40 

Selma Silt Jjoarn: 







0-1 inch l)(‘low surfnee 

(if) 

2125 

273 

3632 

3 3 

375 

10-12 inch(*s bchiw surface 

1 10 

90 

11 

58 

7 1 

175 

( Iripiiial soil . . . 

IG 

450 

15 

201 

4 9 

95 

IlaRcrstown Clay Loam: 







0-1 inch below surface .... 

2S 

550 

155 

1730 

9 3 

1G8 

10*12 inches below surface 

15 

lOS 

41 

145 

10 3 

228 

Original soil . .... 

: Vi 

lUi 

33 

234 

9 9 

75 

Solution supplic<l 

119 

30 

1 

41 

55 

49 9 

I 

1G2 


ABSORPTION BY SOILS 

The calcium, magnesium and nitrate ions were found to 
move upward readily with the capillary water. The same 
was true of the sulphate ion in two of the three soils data 
for which are shown in the table. The movement of the 
potassium ion was considerably reduc^cd. With the phos- 
phate ion there was no apparent tendency to concentrate 
at the surface of the soil although some upward movement 
was noted, as indicated by the increased concentration of 
this ion in the soil some distance above the point of contact 
of the original solution with the soil column. 

This tendency of soils to slow down and in some cases 
almost entirely pn^vent the movement of ions in solution is 
referred to as absori)tion. There has been a considerable 
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amount of investigation of this phenomenon, but no very 
definite agreement as to the exaet nature of the absorption 
process. Soluble phosphates are known to be precipitated 
by aluminium and iron. The phosjJiate ion api)ears also 
to be strongl 3 " adsorbed by soils. In the case of i)otaSsium 
the absorj)tion is either a matter of I)asi(* exchange or a sub- 
stitution of the potassium ion for previously a(lsorl)ed cal- 
cium and magnesium ions. Consideration of the lysimeter 
tests at Cornell indi(‘ates that for every giv(‘n amount of 
potassium absorbed by the soil an ecpiivalenl amount of 
calcium and magiu'sium is to b(' found in the drainage water. 
Because of the ])ra(‘tical iin]X)rtance of this calciuin-i)otas- 
sium relationshi]), the following tabh' is attached which 
shows the extent to which these bases were abh' to n‘])lace 
each other in the soil solution in these l.vsimeter tests: 

TABLE XLIX 

Average Annual Loss of Bases in Drainage Water (C’ornell) 

As liif]u('n(*(‘(l l)v Aj)])lK*iitioii.s of Lirno :itkI eotasHnni Siilphato 


K'alfiilMlod in INmnds jut Afn*; 

Soil I’roalnifiit 

( ’alciiini 

Ma^n(‘siuin ' 

PolassMim 

Sodium 

No forliliztM- 

177 

;;4 i 

40 

S4 

Potassium sulplialc* , 


A\) 

41 

SI 

Buriiod lime t 

170 

Ai) \ 

to 1 

' 7:i 

Both of al)ov(* 

IMM) 

A7 i 

10 1 

1 74 


” \liiiii:i] ■ippliciitioii of L'(M) j)ouncls of pot.'issMirii .sulphali* per ju re 

1 ( >iif ;if)[)li<-:iTioti of aOOO fioiiiid.*' of liiiriiod hinr at boKiiiiiiMK of iii J'OO l{rx)ort 

for i*,»I()-mi4 iiH-lusjVf 

It will ho noted that neither ojiloiuin oxith' nor potassium 
sulphates ai)plioations increased the cpiantity of potassium 
in the drainapie wat('r. On the other hand, applications of 
I)otassium suljdiale did increase the content, of calcium in 
the drainage nater. A consideration of tin; combined 
amounts of magnesium and calcium in the drainage indi- 
cates that the two are released in amounts approximately 
equivalent to the potassium supplied. 
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DRAINAGE LOSSES OF MINERAL ELEMENTS 

Any upwiird movement of suits by capillarity is likely 
to b(! oversliadowed by a greater movement downward as 
a result of the action of gravitational water. In semi-arid 
regions, this would not be true since, under such conditions, 
water is not lost in any considerable amounts by drainage. 



Fk;. 17. — “Tlio soil is not n static syslom but is constantly iin(l(*rp;oinK chanpc 
of lo(;a1i()Ti of iindissolvcd and dissolved inalcrials. Furllicr, ils clicmi- 
cal, as well as ils physical and bioluf^ical coinposil ion, also changes as il 
exists in any Riven position.” 

In the humid sections there is every reason to believe that 
the loss in this manner is considerable, the evideiKie for 
this having ah'cady been jwesented in the chajiter on the 
soil reaction. The salt content of river Avaters in humid 
sections is of interest in this connection as indicating some- 
thing as to the ]-(‘lati\ e rates at which the sevcTal elements 
are likely to disajipear from the soil. Examples chosen 
from data by C^larke, in which ai’c shown the composition 
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of the waters of the Muskingum and Miami Rivers of Ohio, 
are given below. The former flows through a sandstone- 
shale area and the latter through a limestone area. 

TABU-: L 


Salt Content of River Waters (Clarke) 
I’crccntjigos of Totiil Salinity 



Muskinf^uin 

Rivpr 

Miami 

River 

CO, 

24 71 

48 (‘4 

S()4 

IS m 

18 SS 

(^1 

17.07 

1 42 

N()3 

0 0 <) 

2 98 

C'a 

18 ;3() 

20 4(> 

Mk 

4 Ot) 

8 88 

Na 

9 89 

2 49 

K 

1 2S 


Si().2 

5 9S 

5 89 

F 02 O 3 

10 

OS 

Total 

100 (M) 

100 00 

Salinity in p. p m . 

244 

2S9 


Phosphorus is pnisont aj)paronlJy only in traces since 
it is not mentioned in the table. Potassium and magne- 
sium tend to be retained more than sodium and calcium. 
Sulphur appears to be kiachcnl readily from the soil. With 
this element the cycle is somewhat similar to that of nitrogen 
in the fact that sulphur is added to the soil in rainwater. 
The annual sulphur content of the rainwater at Urbana, 
Illinois, for example, is given by Stewart at from 40 to 50 
pounds per acre from which it .appears reasonjible to believe 
that the failure of crops to respond to the use of sulphur in 
fertilizers in industrial sections is due to this return cycle. 
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EFFECT OF EARTHWORMS IN RENEWING SOIL 

Two other groups of agencies operate to renew the sur- 
face soil from the subsoil. In the first group may be 
included animals which burrow in the soil and transfer the 
subsoil to the surface. Of these the earthworm is the most 
universally distributed and most effective. Darwin, in a 
very interesting book on the subje(;t of The Formation 
of Vegetable Mold,” attributes a translocation of soil to 
earthworms amounting to 1 inch in five years. This con- 
clusion is based on observations as to the rate at which 
such imiterial as stones, supplied to the surface, became 
imbedded in the soil. Thc^ burial of the ruins of ancient 
citie^s is enulited by Darwin to the action of earthworms. 
He estimated that as miuli as 10 tons of material annually 
pass through tlu' bodies of the earthworms in an acre of 
soil in (*ertaiii ])arts of England. The carrying up of the 
subsoil would be, according to this, a continual process 
tending to renew the surfac.e soil. 

Observations of soils of the Ohio State University Farm 
indicate that th(' number of earthworms in an acre of soil 
to a d('pth of 1 foot amount to more than one million. 
None were found at a greater depth than 1 foot in the 
soils ('xamined although burrows were found to extend 
several feet below th(i surface. 

EROSION AS A FACTOR IN SOIL RENEWAL 

Probably a more effective group of agendes in the trans- 
hxration (^f soil ajid subsoil, particularly in arid, semii- 
arid and sandy regions and in areas of rolling topography in 
the humid regions, are those associated with erosion. Tn 
either case, wheiher the soil is ce)vered by winel-ble)wn 
material er re'j)la(x*d by subse)il as it is remo\ed by water, 
the^ e^ffext. may be a comj)Ie'te' remewal. Tn areas affected 
by winel ere)sion the transfex* e)f se)il may be so rapid as te^ 
cover the existing se)il to a depth of several inches in a few 
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hours. The most extensive erosion, although somewhat 
less rapid, is that caused by running wat.(T. which is par- 
ticularly effe(;tive on land frecjuently cultivated. The 
extent to which the surface soil is removed is determined 
by the character of the soil, the frenpicncy with which cul- 
tivated crops are grown, the climatic conditions and the 
slope of the land. According to McGee, the rate of erosion 
of land by watx'r is estimated by geologists at. 1 inch for 
every two hundred to five hundred years. Dole and 
Stabler calculate^ that the United States is being denuded 
at an average rate of 1 inch in 760 years. Lands under 
cultivation, i)articularly the silt loams, with only a mod- 
erate slope may b(^ expect-cnl to be (Toded at a rate of an 
inch or more per c('ntin*y under climatic conditions such as 
exist in the humid rc'gions of the United Stat(\s. 

An investigation of the losses by erosion under ordinary 
field conditions is under way at the Alissoiiri Station under 
the direction of Miller. In these investigations it has been 
shown that with a slope of perhaps o degn'es, Slndby loam 
soil erodes under the weather conditions at C'olumbia, 
JMissouri, at the following rates: 


l\\m.E J.l 


Soil Trcatiiiont, Annually 


Unoiillivatod, w(‘(Ml^ y)iillo(l 
(UiliivaUMl tliroiishoul suinini'i 
Same with (k*(‘p(*r j)l()win^ 
Continuous sod . . 

Wheat every year 

Thre(‘-year rotation 

Corn every year. . . 


Soil hy W\ti:k Kuomon 
•lh\ Loam Soil -1917 to 191 

(Millku) 

il 

S< )il 

Jtemoved, 
'Pons 
l)(*r A ere 

Hamfall 

\l)Soih(*(l, 

l*er C(‘nt 

Years 

Heijuired to 
Hornovi' 

7 Inches 

91 

r>i 

:i9 

i:i9 

72 

25 

129 

74 

27 

1 

90 

2;i;i(i 

IS 

79 

19S 

11 

SI 

2.53 

<i7 

7() 

52 
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It is evident from the above considerations that the 
soil is not a static, system, but that it is constantly under- 
going changes of loc^atioii of undissolved as well as dissolved 
materials. It is possible to take advantage of certain 
means of (H)ns(Tvation by which the soil can be largely 
held in i)lace and at the same time hav(‘ its mineral (con- 
tent gradually renewed from the subsoil. It cannot be 
said, how('V(T, that losses by drainage and erosion arc always 
objectional)l(‘, in fact (juite the opposites is often true. 
While it is (essential to have in mind the fact that the 
amounts and availability of the ess(mtial mineral ehMiients 
in the surfa(*e soil larg('ly determine its immediate produc- 
tivity, th(' dynamic agencies in operation cause diilicult-y in 
making a v(tv strict application of the “bank account’’ 
system to tlu' soil resour(*es, f)arti(ailarly if the inv('ntory is 
confined to the jdow depth of soil. 
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CHAPTER XVTI 


LIMESTONE ECONOMY IN SOILS 

The rapidly irKiroasing area of acid S(m1s in the humid 
regions of the United States makes the problem of main- 
taining the soil n^aedion at a ])oint suited to th(^ needs of 
the eroi)s ordinarily grown a rather serioiis one. The usual 
recommendation in gt'iK'ral farming ])ractice in the (kmtral 
West, once the soil is acid, is that linu'stone be supjdied to 
the soil in quantities sufficient to bring the soil reaction 
approximately to the jKuitral point and tlum t.o maintain 
it at this point by tlu' n'gular use of linu'stone at soirus 
definite time in the rotation. (n“ jx'rhaps every s(‘cond 
rotation. It has usually been assunuHl that, the amount 
of limestone necessary to be apfdied to maintain the soil 
reaction at this point would amount to 1 ton per acre every 
three to five years. Thus St.ewart sugg(‘sts 1 ton per acre 
every three oj’ four y{!ars for the prairie; land of South- 
ern Illinois. Other inve,stigators have suggested similar 
amounts. On the assumjdion that such amounts will be 
needed, a KiO-acre farm would reejuire a carload of limestone 
annually. Apjdied at. this rate to the (;ntire area of land 
in the humid section in th(‘ United Slates, a large per- 
centage of which is alr(;ady acid, this means an (‘iiomious 
tonnage of this material. 

LIME-REQUIREMENT OF PLANTS 

In an inter(;sting discussion concerning the utilization 
of aciid land for the growth of acid tolerant croj)s, Coville 
points out that “ soil acidity is not always an objectioiiabh; 
condition which invariably requires lime.” It is his opin- 
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ion that “ under (jortain conditions a complete system of 
acid agric.ultun’i is i)ra(*lical)le.’’ While there is some ques- 
tion as to whether a v(Ty high type of agricultures could be 
developed without tlie use of limestone on aead soils, it has 
bee^Ii shown that (*ro])s differ very materially in their lime 
reeiuirements. Triiog has arranged the common agricul- 
tural plants according l.o their necnl for lime as the bicar- 
bonat(^ lie takes into consideration the calcium content 
of the plant, its rate of growth and the extent and char- 
acter of its root system. The following table is a sum- 
mariz(xl grouping of the more common crops according to 
Truog’s arrangement: 


'I vm.E Lll 

llKIi'M’lVl*: LlMl.-RKQriltl'iMI'iNTS OK (hlOl'S (TiUTOC’i) 


Index 

Nuiiiher 

( Voi)s 

5 

Alfalfa 

4 

Sw(*et clov(‘r 


Red clover, barlt'V 


Soybeans 

2 \ 

Alsike, \etcli, limotliy, yxdatoes, corn 


buekwlu'at, crimson clt/ver 


Tdipines, oats ! 

1 

Slieep sorrel, retl to]), rye, eranl)erry | 


RESPONSE OF CROPS TO LIMING 

A consi(loral)le part of the data from which Truog 
reached Ids coruilusions on tlu; liine-re(iuirements of crops 
was taken from the work of Hartwell and Damon, who had 
studied the resjionse to liming the soil of 280 different 
varieties of ])lants when grown on an atnd soil at the Rhode 
Island Experiment Station. In these studies four large 
plots were used, all of which received liberal applications 
of fertilizer, containing its nitrogen in two cases in the 
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form of sulphate of ammonia and in the other two cases as 
nitrate of soda. The test had been under way at the time 
of publication of the data for a period of twenty-two years. 
Arranging the common agricultural crops on the basis 
of their response to liming the soil shows the following:* 

TABLl': IJll 

Responsk of Plants to Ltmino an Acid Soil (Rhode Island) 
Numbers liulieatirig Relative Res])oiise 


-1 

: ^ 

1 

! j 

1 

Poamit 

iVans 

i Ruck wheal ! 

: Cabbag(‘ 

1 Asparagus 

Sorrel 

Corn 

(^•^rrot^^ 

('auhnower i 

: Bariev 

\\’atormpl()n 

C 'o1 Ion 

Oats 

(’hard 

Bei'ts 

Serradolla 

C()W(H*a 

I’eas 

Kgg Plant 

(’elery 


liiifiiries 

Puin])kins 

ilein[) 

Lettuce 


T*()tato 

Rhubarb | 

1 Horseradish 

( )nions 



Wheat 

Muskinelon 

S])inach 



C'Ueunib(*rs 

Rajie j 

! 'Poliacco 


It will be noted that not only were' some of the crops 
not benefited by liming, but that a few wen^ actually injurt'd. 
It is desirable in this connection to consider how acid the 
soil used in these experiments was. Th(' method originally 
employed in determining the acid condition of the soil 
was that of Veitch. This method measures the lime- 
absorbing capacity of the soil lip to a j)oinl at which hydrol- 
ysis Avill yield a solution which is alkaline to phenolphthal- 
ein. The limc^-absorbing capacity of soils by this method 
is found to vary considerably with the conditions under 
whi(;h the laboratory manipulations are carric'd out . 

The data show that at the end of tlu^ twenty-second 
year of the test the sulphate of ammonia ]:)lot had a lime- 
absorbing capacity, figured as calcium carbonate, of 9000 
and 5300 pounds, respectively, for the unlimed and limed 
ends. Similarly the nitrate of soda pkt had a liine-absorb- 
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ing capacity of 4800 and 3G00 pounds, respectively, on the 
unlimcd and limed ends. Later it was found necessary to 
add lime to the previously uiilimed sulphate of ammonia 
plot m order to have any growth of vegetation on it. A 
total of ] ton of burned lime per acre was ajjplied to this 
plot. Sub.se(iuently the soil on this plot was shown to have 
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distributed points in the state and represent a considerable 
number of soil types. A summary of the data obtained is 
given below : 


TABLE LIV 

LiME-AufcJouuiNG Capa(’ities of 232 West Viugima Soils 
CaCX).! por "JVo ]\lillu>n Pounds of Soil Method) 


(iroup 

i 

Number Siiinplos 
in Group 

1 

i 

AvtM‘at!;e Limo- 
Absorbiiif: CapjHiity 

1 

41 

0 

2 

21 

0-1000 

3 

(■>1 

1000-2000 

4 

r,l 

2000-3000 

5 

21 

3000-1000 

fi 

7 

4000-5000 

7 

11 

5000 up 


It will be noted that a large percentage' of these soils 
have a lime-absorbiiig capacitj'^ by the Veitch method of 
less than 4000 pounds of calcium carbonate; i)er two milliem 
pounds of soil. This is approximately that of the limed 
nitrate of soda jdeA on the Rhe)de Island Experiment Station 
farm e)ii which a considerable variety e)f crops have been 
growing satisfactorily. Apparently the acid cemdition in 
mineral soils come*s to equilibrium at a deficiency of cal- 
cium e;arbonate (Veitch method) ordinarily amemnting te) 
from 1000 to 4000 pounds per acre to ple)w depth. Simi- 
larly the pH e)f acid soils usually lias been found to be 
between 5 and 0, a hydrogen ion concentration which is 
probably not directly injurious to many crop plants. It 
seems probable that it would be (ronsiderably less difficult 
to maintain the soil at this reaction than at a point more 
nearly approaching neutrality. 
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ACID AGRICULTURE POSSIBILITIES 

Truog believes the so-cRlled aeid agrieullure may be 
desirable under eertaiii eonditions, but that with tlie devel- 
opment of more intensive and highly s])eeialized croi)ping 
systems the er()f)s of medium and high lime-re(]uirements 
will be grown in preference. He suggests the* following 
grouping of crops as determined by th(i condition as to 
rea(^tion at which the soil is to b(' kept : 

TAIU.IO L\’ 


ITmjii, Mkditm a\i> Low LiMK-RF:QiTiitEAii:NT (’itom.Nc; Systems (Tia'o(j) 


High 

Mrdiuiii 

Low Northern 

Low Southern 

Altilf.-i 

ia*d cluwr 

S(»y beans 

('owpeas 

Sugar 

Soyl)(\*iJis 

Alsike clover 

\' el vet beans 

(’.•inning jioas 

Tiinulliy 

\eteh 

(’rinison clover 

Tubjicco 

Harley 

('owpeas 

Ootlon 

Ciiblnign 

Wheat 

Led lop 

C’orn 

( )nioiis 

( ’orn 

Millet 

Oats 

Musi gardon crups 

Oats 

Rye 

Sugar cane 

Sweel cloviT 

Hy(‘ 

Oats 

J.'ipan clover 

lMu(‘gr;iss 

1 I’ulatoes 

Hu ek wheat 

Rye 


It Avill be noted thnt certain crops occur in both low and 
medium lime-re(juirement groujis. This is foi‘ Ihe reason 
that l]i(‘ir tolerance' for acid soil conditions pei-mits a fair 
growth on such soils, but the}' also n'spond to liming. 
Truog also calls attention to the fact that the more active 
W('a,thering ])roeesses in the southern states makes more of 
the basic* eh'ments available and ])ermits of growing crops 
with a smaller use of limestone. 

ACID SOILS IN RELATION TO NITROGEN ECONOMY 

The soil reaction would of necessity have some bearing 
on the nitrog(‘n economy. The assTimj)tion is that those 
k'gumes which grow well on acid soils will support the cor- 
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responding variety of nodule organisms and that they will 
be able to function satisfact<oril 3 ^ There is the necessity 
of considering also the other groups of soil organisms con- 
cerned with nitrogen fixation and nitrification in soils. 
Bear studied in a i)reliminary way the efficiency of some of 
the organisms concerned in the nitrogen (ycile, in two acid 
soils to which varying amounts of carbonates of lime were 
applied up to and bej^ond the lime-absorbing capacities 
(Veitch) of these soils. In each case the factors other 
than limestone were kept under control at an assumed 
optimum. The usual methods of stud^diig the rate of 
ammonification, nitrification and nitrogen fixation were 
employed. A summary of the data on the Wooster silt 
loam soil follows: 

TABLE LVI 


EiTK’iENry OF Nitiickjen Cyc’le OiicjANisMs IN Ac’ii) Soil 
l*em*nlago EHiciciicy to in Neutral Soil 


Limestone 

Applied, 

Bounds per A ere 

Ammoilificiition 

of 

( \‘isein 

N itrifieiit ion of 
Ammon iuin 
Carl)onat(‘ 

Nitrogen 

Fixation 

Non-SyTnt)iotie 

0 

57 

50 

10 

2r)() 

52 

5:^ 

80 

500 

55 

5t> 

;io 

1,000 

00 

57 

8S 

2,000 

S2 

' 77 

82 

:i,ooo 

SO 

S8 

01 


Neutral Poinl ^Veiteli) 


1,000 

100 

100 

100 

5,000 

118 

125 

100 

7,r)(K) 

KK) 

100 

i;i2 

1(),(K)() 

112 

107 

S8 


Non-symbiotic nitrogen fixation was very much retarded 
in the acid soil. Th(Te was also a reduction in the efficiency 
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of the nitrifying bacteria although not so marked in the 
case of ammonia as in nitrate production. 

ECONOMIZING ON LIME 

In economizing on lime there arc, in addition to choosing 
plants which can grow on acid soils, certain opportunities 
to i)rcvent unnecessary losses from the soil. The lysimeter 
drainage at Cornell, as previously shown, contained less 
calcium when the soil was cropped. Such lime as is removed 
in crops can bo rctinned to the soil in large part in the 
manure on a well-organized livestock farm. Legumes 
usually contain considerably larger amounts of calcium 
per ton of produce than do most of the non-legumes. Their 
growth and removal from the soil increases the rate of 
tlepletion of the element calcium unless they are fed and 
returned as manun*. There is also opportunity for choice 
among fertilizer materials. Phosphorus is always supplied 
in combination with calcium, and the quantity, of the lat- 
ter, varies with the several carriers. Thus basic slag lias 
considerable value as a neutralizing agent in acid soils, 
having an efficiency equal to about half that of an equal 
weight of limestone. Bone mc^il carries more calcium than 
acid phosphate although the hitter maj' be tomewhat more 
efficient as a precipitating agent for aluminium. Sulphate 
of ammonia leaves an acid residue as contrasted to the 
alkaline residue of nitrate of soda. Organic carriers of 
nitrogi'ii lie betwiH'ii nitrate of soda and sulphate of anuno- 
nia in their effect on the soil reaction. Wood ashes carry 
calcium and iiotassium in the form of their oxides or car- 
bonates. 

By ec-onomizing on the calcium in the. soil, and by a 
proper choice of fertilizers in connection with a judicious 
selection of crops, it. should be possible to develop a system 
of (Topping in which the amount of lime necessary to apply 
would be considerably reduced. It might be possible also 
to grow a clover croj) in the rotation on a somewhat acid 
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soil, by adding a few hundred pounds of finely divided 
limestone or of burned lime to the grain crop in which it 
was seeded, and following th(' clover with such otlnT crops 
as are toh'rant of acid soil conditions. Alfalfa, if desired, 
could be grown on a separate tract of land which was ('spe- 
cially prei)ar('(l for the crop, histc^ad of atttnnpting to fit it 
into a rotation the other ineinlx'rs of which had consider- 
ably low(‘r linie-recjuirements. As previously indicated, it 
will be desirabU^ in tJie more intensive' systems of farming to 
apply lime in sufficic'nt amounts to prevent its l)('ing in 
any way a luniting fact, or in cro]) growth. W'ith s])ecializ('d 
crops of high acn? \’alu(' there is litth* lu'C'd for considering 
the (piestion of lime economy. On ch('a]) land, or on land 
in(H)nveni('nt to the source of limestone, (nniseirvation of 
lime is essential. In any syst('in of ordinary cropping it 
merits consideration as one of the means of economizing in 
the production of crops. 
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CHAPTER XVHI 


ANIMAL MANURES 

The livestock system of farming is one in the bost- 
dcvclopcd forms of wJiich there may be little loss of the 
essential soil elements from tlu' farm. This is especially 
true on those farms on which a large acreage of legumes is 
grown; where sui)pleniental concent ratc'd f(‘eds are jmr- 
chas(Hl; and where the manure })roduced is (iarefully pre- 
served and sysb'matically applied to the fields. Unfor- 
tunately, on a large' jeerceutage of tlu' livestock fanns, the 
})ossibilities in the ('conoiny of soil ('kaiKUits an? far from 
being realized. 

NITROGEN AND MINERAL REQUIREMENTS OF ANIMALS 

The amounts of nitrogen, i)hosph()nis and ash elements 
reeiuired in the pj’oduction of the animal body have been 
determined by a number of investigators. Of tluise the 
recent we)rk of 'Frowbridge and liis co-work('rs is illustra- 
tive. In their investigations the entire canvasses of a 
numlx'r of b(‘('f cattle were analyzc'd. From these analyses 
th(' following data were selected : 

'J'AJUJ'; LVll 

Nitko(,i:\ vm) Minei:\u Content of Heef CVatple (Titowinaixii:) 


Animal 

Live Wcijiilit 

Pounds 

of IhltMiicnl.s per 

Animal 

l^oiintls 

Nitroj;rn 

JMiospliorus 

Asli 

I 

755 

22 1 

S 1 

i:j 0 

2 

KHil 

L>1) 5 

S 1 

■19 ti 



;{i 5 

\) :J 

r>2 0 

1 

i7sr, 

;^5 \) 

11 1 

(>1 () 

AvfTMJiP ptM' 

KMM) poiiiiils. 

5 

7 (> 

1 
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The major portion of the ash of animal bodies is made up 
of calcium and phosphonis as the tri-calcium phosphate in 
which these elements occur in the ratio of approximately 
two to one. For every thousand pounds of live weight of 
animal produced on the fami there are tied up in its body 
approximately 25 pounds of nitrogen, 7i pounds of phos- 
phorus and 15 pounds of calcium together with relatively 
small amounts of i)otassium, magnesium and sulphur. 

NITROGEN AND MINERAL CONTENT OF MILK 

The composition of milk varies considerably, depending 
upon the feed and the kind of animal. Ac(H)rding to Bab- 
cock the average cow’s milk contains the following amounts 
of the sev(^ral essential soil eleimuits: 

'l ABLE L\TII 

NlTllOCiEN AND MrNKIlAD CoNTENT OF CVav’s MiLK ('LeACH) 

Pounds of lOlcmenIs ])or 10, 000 T\)un(ls Milk 


lOlorriciit- 

Pounds 

NitroptMi 

()0 

IMiosplionis 

7 5 

Polassiiiiii 

14 

CMlcium 

10 

Total ash 

70 


The quantities of sulphur and niagiu'sium in milk are 
considerably less than those of the other eleiiKiiits indi- 
cated above, amounting to approximately 1 pound of each 
per 10,000 pounds of milk. 

NITROGEN AND MINERAL CONTENT OF WOOL 

The only other animal product which is of any sig- 
nificance in connection with the economy of soil elements is 
wool. According to Hopkins, wool contains the following 
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amounts of nitrogen, phosphorus and potassium per thou- 
sand pounds: 

TABLE LIX 

NiTiior.EN AND Mineral (Content of Wool (Hopkins) 

Pounds of ]<]loinents por 1000 Pounds of Wool 



Pn washed 

Wiislicd 


54 

9‘2 

Phosjilioriis. . 

0 a 

0 S 

TVitassiiiin 

t() 5 

1 

1 () 


As the tiil)re indicates, the potassium is largely water 
soluble and is an excretory product rather than an essential 
part of the wool fiber. 

PERCENTAGE RECOVERY OF SOIL ELEMENTS IN MANURE 

Since the animal makes use of a certain percentage of 
the niitKiral eh'inents and nitrogen contained in crops which 
may later be sold from tlu* farm in th(^ form of the animal 
itself or its products, it is of int(>rest to calculate the per- 
centage re(!ovcry of thes(' elements which ordinarily might 
be expected in the manure. Vivian, in an excellent dis- 
cussion of this subject, concludes that under average con- 
ditions on the farm about 80 per cent of tin; nitrogen, i)hos- 
phorus and potassium m the feeds consumed is voided in 
the animal excrements. This ratio may be assumed to 
hold also for calcium and sulphur. If the soil elements 
were lost only in crops, the livestock farmer should be able 
to make up the 20 })er cent loss by growing legumes, by the 
the use of supplemental concentrated feeds and by drawing 
on th(5 mineral reserves in the soil. Unfortunately the 
drainage losses of certain ehmicnts from the soil may often 
be greater than the losses in crops. Furthermore, manure 
is a perishable product and a considerable portion of the 
essential elements contained in it may never reach the field. 
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DISTRIBUTION OF NITROGEN AND MINERAL ELEMENTS IN 

MANURE 

Some ideu of the distribution of the soil elements in 
manure, as bet \v(‘(^n tlu' urine and feces, may be gained from 
the following table of data taken from the itu'estigafions 
of Forbes and his co-workers. In this work the extindory 
products of a dry cow wc're sa\’ed and analyzed separately 
with the following average* re'sult s: 

'rAiuJ-: LX 

Distriiu’tiox of Nituo<;i:n and JMinkual Klkmkxts in Mantuk of 

Dm (\)\v 

rcrcoiitagos of Total in rriiio and For*o.s 



1 

! 

1 

i 

rrinc 

1 J*’(‘(*(*S 

NilrogcMi 

' 

(>} 1 

! o.") 0 



0 (> 

' 0!) I 

Polnssiuin 


1 

1 !) 

(‘alciiun 

' 

0 1 

00 0 

IMiigncsiuin 


10 r, 

SO 5 

Suliiliiir 


')! 1 

' IS (•) 


Data from oxpt'rimonts with oIIkm* rows showed some 
variation in th(' ])er(*('n1ages in the urine and feres. In 
j^eneral t!ie inv('stip;ations iiidirate tlial. tlu^ major portion 
of the nitrop;(Mi and potassium is to l)e found in tiie urine 
while most of th(‘ ])hos])horus and ralrium is exrreted iji 
the feres. Studies with pip;s indirated a similar distribu- 
tion exre])t that somewhat more of the phos])horus and 
sulphur and h'ss of th(' ])otassiuni was present in the urine. 

WATER-SOLUBLE CONSTITUENTS IN MANURE 

Manure is mad(' u]i of urine and feres mixed with resi- 
dues from the feed and bedding. Of intc'rest in consid- 
ering the possible losses from leaching are tlu' data given by 
Ames and Claither on the content and fiercentage solubil- 
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ity in water of the nitrogen, phosphorus and potassium in 
manure. This manure was sampled as it (;ame from the 
fettling stalls wIk'H' it had been protected against loss of 
urine and presumably from hot fermentation. 


TAIUJO LXl 

( \)Mi*()siTH)\ OF Manfuf Fhfsii f»om Fkfdinc Stalls (Amks) 


Kind of Aimnal 

Nitro^on 

Pliospliorus 

T*otassiiim 

Prr ! Wat or 
'I'nn, ' SoluUh*, 
Pounds 'P(T (’(‘III 

i 

1 P(‘r 
' Tnu, 
I’oiinds 

Wa1(‘r 
Soluhli*, 
1*(T Old 

Per 

'Con, 

I’oiinds 

Water 
Soliihle, 
Per (lent 

llors(‘. 

i:i a 1 52 


55 

12 7 

75 

(\)W. 

11 1 ; .50 

1 1 0 

50 

10 1 

97 

Sli(*(*p 

2S 7 42 

' 1 1 

j 5S 

20 S 

97 


As would ])(' expected, there is considerable variation in 
the composition of maimn' dei)ending ujKm the feed, the class 
of animal, the age and use of the animal and the amount 
and nature of the bedding. Of i)articular interest in the 
table' is tlu' fact that 50 j^er C('nt or more of the nitrogen 
and phosphorus, and in some cases almost the entire amount 
of ])otassium, was soluble in water and, therefore, subject to 
loss from leaching. 

LOSSES FROM UNPROTECTED MANURE 

Ordinarily the losses of mineral elements and nitrogen 
from the livestock farm in the sale of animals, milk and 
wool are insignificant, in comparison with those whi(*h occur 
in the can'h'ss handling of manure. These loss('s may 
result from failure to haul the manure to the field; from 
lack of facilities for consc'rving the urine; from leaching 
and from hot fermentation. Even where the value of 
inanun' as a crop-j)roduciiig agent seems to be appreciated, 
the loss('s from h'aching and hot fermentation are often con- 
siderable. 
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The possibilities of loss from leaching arc indicated in 
the preceding tables. As manure undergoc's decomposi- 
tion an additional amount of each of the soil ehmients 
becomes soluble and, if un]>rotected, may be leached out. 
It is desirable that manure pass through a “ ripening ’’ 
process l)efore it is ap|)lied to the field, but if this is per- 
mitted the manure should be stored under covcjr and on a 



Fk;. H).— “Th(‘ livestock system of ffiriiiinK is one in the best developed 
forms of which there may be little loss of the essential soil elements 
from the farm.” 


water-tight floor, otherwise more will be lost than gained 
in the process. 

Losses from hot fermentation are brought about in the 
volatilization of the nitrogen due to rapid oxidation and 
resulting high temperatures. Horse and sluu'p manures, 
by reason of their relati\-ely small content, of water, are 
especially .subjc'ct to “ fire fanging ” and for that niason 
are called “ hot manures.” The prevention of sucrh losses 
can be accomplished by keeping the manure wet and com- 
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pact. Under such conditions, decomposition is more largely 
anaerobic. Th(i previously insoluble mineral elements and 
nitrogen in the manure gradually become soluble while 
the (larbonaceous materials are broken down into carbon 
dioxide and water. In this case there is little loss of ammo- 
nia by reason of the concentration of carbon dioxide', in an 
atmosphere of which, ammonium carbonate is more stable. 
When such manure is incorporated with the soil the nitro- 
gen of the hydrol^^zexl i)rotein i)rodu(^ts is rapidly (^hanged 
to ammonia and nitrate's, (conditions being favorable for 
nujre rapid oxidation. 

Considerable attcention has b(c('n given to the use of 
pres('rvatives on manure, but little of definite value from 
the point of view of practice can b(' reported. These 
j)reservatives are used for the purposes of preventing unde- 
sirable types of fermentation or the loss of ammonia by vol- 
atilization. Of all the substances (miployed, acid phosphate 
s('ems to be the most important since it combirucs the 
capacity to preserve' the ammonia, and to sui)ply supple- 
mental calcium and phosphonis to the manure, both of 
which increase its value as a soil-imi)roving agent. 

MANURE AS A CROP-PRODUCING AGENT 

Remembering that nitrog('n can bcc secured from the 
air through the growth of legumes, and that it secerns pos- 
sible to return a])proximat(cly SO per cent of such of this 
nitrogecn as is contained in the legume hay in the manure 
I)roduec('d from ft'eding it ; that soils as a rule contain rathecr 
large amounts of ]iotassium; it would see'in that by the 
re'turn of the manunc produced from fee'ding a large j)ortion 
of the crops it should be possible to maintain the yields of 
crops at a fairly high levecl, particularly if the soil was keept 
supplied with limestone and the manure was supplemented 
with enough jdiosphate to make good the loss of this rnatec- 
rial in bone and milk. 

An intecresting test of manure as a crop-producing agent 
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is afforded at the Ohio A{?ric\dtural Experiment Station 
wiierc; manure alone; and reinforced with phosphat(;s has 
been used on a limed Wooster silt loam soil for a jjeriod of 
twenty-one years. At the beginuinn of the test, the; soil 
w'as not in a high state of productivity and for that reason 
the average yiedds are not as high as they might other- 
wise have been, d’he yields follow : 


T.MiLK lAll 

Effect f)F Ekjiit Tons of Manuuf on C^uof-I'koducino Poweii of Soil 
Liinod WoosttM- Sill Lo.*iin Sml -lioUitioii ('oni, Wliont, ('lover 



Tw(‘iity-()nc 

V(‘ar Average Afn‘ Vi<‘lds 


Corn. 

WiK'ill, 

( 'loV(M-, 


Bii 

Pll 

( 'wt 

No nuiniiio 

7 

7 

2H 1 

Open yard inaiiiire 

r>.s 9 

22 5 

:{r> 1 

Stall inannn‘ . 

1 r>9 s 

i 2 :\ s 

11 1 

Pliosj)liat<‘d inanuro 

I 1»0 s 

1 1>S7 

19 1 

1 


* Acid pliospliatc :il rale ol 10 poiiiids ju r loii f>l iiiamirr 


Not only was tho si all manure considerably more 
(^ffcH'tivc than the ojx'ii yard manur(^ l)ul the evidence 
indicates that fewer tons of manure an' a\'ailal)le with 
open yard storage. The addition of acid ])hos})hat(' further 
incTcasc^d the ('ff('ctiven('ss of the manure. Ihdbrt unately in 
this as in most other manure leasts of which n'cords aj‘(' avail- 
able, the manure used was not tliat produced from heeding 
the crops grown on the land to whicli it was applied, but 
such manure as was available on the farm from y(^ar to yc'ar 
during th(' i)eriod of the tpst. A sonu'whal bc'ttpr idea of 
the possibilitic's of crop jwoduction in tb(^ livestock system 
of farming is to be found in another test, now in progr(\ss 
at Wooster, in which the manure resulting from feeding the 
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crops to steers is returned to the fields on which the crops 
f(!d were produced. The manure is applied to the corn 
crop in a four-year rotation with soybeans, wheat and 
clover. .\11 of the cro])s are fed or us(h1 as bedding with the 
exetiption of the wh(‘at grain. Tn addition’ to th(^ manure, 
2 tons of limestone and 700 ])ounds of acid phosphate per 
acre are applied every four years. 


T.V1U.E LXIII 

C^UOJ» ^ IKIJJS AM) AIaNUKK I\* LiVMSTOt’K SVSTIIM OF FaRMINO 

LimcsloTic H)(K) Ihs , Aci«l IMiosplintt* 700 Ihs , pt'r \(Tf per HolMlioii 


( ’rop 


Acr(‘ Vi(‘l(is 


( 'oni 

S( »y I leans 
^vileal 
( 'lovc'r 


(0-ain, Bu 1 Stalks, (’\vl 

j 

(is <) I ;«» ') 

L’l I ' 21 0 

;{i 0 j ;i2 1 

I 11 !l 


* 'J'lu' iiiiiiturc pradiiftiDH lias avi'ratMul 1 1 7S tons p»*r acn* ciu li TutatHUi 


USE OF SUPPLEMENTAL FEEDS 

While supplemental feeds of necessity must come from 
some other farm, yet the man who ])urchases tliem has the 
opportunity to build up his own soil at the cx])ense of the 
soil of the farm fj’oin whicli they came. On the livt'stock 
farm th(T(' is oj)j)ort unity for choice Ix'twt'en buying fer- 
tilizers and buying feeds from which to get a supple- 
iiKuitary h'rtilizer value. The following table gives the 
composition of a few of the conceiitrattxl feeds from which 
can be computt'd the approximate nitrogen, phosphorus 
and potassium content of the manure produced from feed- 
ing them: 
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TABLE LXIV 


C'oMTOsiTioN OK Standaiii) Conckntkatkd Feeds (Ames) 
Poiiiuls of l’]lcnioiifs per UKK) Pounds of Feed 


I'Vcd 

Nitrogen 

Phosphorus 

Potassium 

Alfalfa hay 

2.5 1 

2 9 

11) 0 

Clover hay 

•-M 7 

1 s 

11 2 

Wheat bran * 

21 0 

1 2 

11 0 

Linseed meal * ... 

.52 (1 

7 

10 ;j 

Colton seed meal * 

(■.7 S 

12 ;i 

12 1 

Sovbeans 

.54 

0 :5 

IS 7 

Animal tankage * 

1 

101 0 

24 0 

4 f) 


* From IIoiir.N mid Morrison “ Feuds mid Feeding " 


Ordinarily (‘oncentratos arc purciiased as a source of 
protein. Their use as feeds Avith sulisctpK'nl saving and 
use of the manure tf'iids to ineniase the need for supple- 
mental phosphate and limestone. 
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CHAPTER XIX 
SOIL SANITATION 

As soils boconio older agriculturally the^^ tend to decrease 
in productivity. In the noniadh^ j^eriod of civilization the 
solution of the problem of unprodu(di\'e soils was found in 
a change of habitation. Later it bc^came dc^sirable to 
continue to cultivate the same land for an indefinite period 
and it was then nec(\ssary to study the means of overcom- 
ing th(' tendency to\\’ard reduction in 3 delds. Jethro Tull, 
in 1733, was of th(' opinion that the solution lay in the more 
intensive cultivation of the soil. Liebig, in 1840, offered a 
(‘hemical solution based on the theorj^ that j)lants removed 
elements from the soil more rai)idl 3 ^ than the supply was 
renewed and that the lack of fuie or more of these elements 
in available form became tlu' limiting factor in crop pro- 
ducti(3n. This marked the beginning of the fertilizer 
industry. Latei* a school of bacteriologists, of which the 
jhoneers wen* Schlo(\sing and Muntz, IIellri('gel and Wil- 
farth, Winogradski and Be^^crinck, offered a bacteriological 
exi)lanation of soil j>roductivity\ Subsequent stud^' has 
shown that, no one of these exj^lanations is adecjuate, but 
that the various physical, chemical and l)if)logical factors 
ar(^ int(?rr(4ated and inixy oi)erate either positively or nega- 
tively. 


SOME NEGATIVE CHEMICAL FACTORS 

Examples of certain negative chemical factors have been 
gi\'('n in cxuinecdion with the problem of acid soils. It 
will be re(;alled that it has been shown that the aluminium 

1G7 
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which becomes soluble in such soils is toxic to crops. Other 
examples of metallif^ toxins are found in arsenic, lead and 
zinc which may be soil (iontamiiuitijig agents in the vicinity 
of smelters. Oonsichiration of the soil solution showed that 
its reaertion, the ratios in which the various ions arc present 
and the total concentration of s/ilts, unless kept withijj fairly 
narrow limits, may ()])erate as nep;ative factors in relation 
to the productivity of soils. 

NEGATIVE BIOLOGICAL FACTORS 

The negative factors with which this (diapter is most 
concerned as related to soil sanitation ar(‘ biolopcal in 
nature* and incluele^ such a,p;e*nts as ])lant dise*ase^s, inseed;S 
anei weeds. The ce)ntre)l e)f these fae*te)rs may affect, in 
one way e)r ane)tlieir, the policy of the farmer in cemneedieni 
wdth his system e)f soil management. It is fe)r this re^asem 
that eTop re)tatie)n has rec(*iveel se) iiiueh attentie)!!. Re)ta- 
tieni ne)t emly lias tlie* effen’t e)f regulating the* available 
quantities e)f the seve*ral e^sse'ntial e'lem(*nts in the se)il, liut 
alse) pre)viele*s a means e)f he)leling in e*he*ck ce'rtain e)f the*se 
negative l)ie)le)gical facte)rs. With more inte*nsive cultiva- 
tiein it. has b(*en femnd ne.*e*e^ssary to lake e*sj)ecial jirecau- 
tiems te) ceintrol plant parasites whie*Ii live in the se)il, both 
by iireventiem e)f unnecessary ce)ntaniinatie)n of the soil 
anel by chee^king the*ir abneirnial ele*ve*lopme'nt whe'ii pres- 
ent in the se)il. In this, varienis me*lhe)ds have l)e'e*n em- 
ployed vsuch as sterilization by heat and antiseptics, e*e)ntre)l 
of the se)il reaction and the development, of disease* n^sistant 
strains of crops. 

A SANITARY REASON FOR CROP ROTATION 

Of considerable hilerest. in this (connection is the point 
of view expressed by Jiolley, who has calk'd attention to 
the problem of soil sanitation in n'lation to the growing 
of wh(cat. under the continuous (*rop])ing system practiced 
in the Dakotas. It is his oiiinion that the explanation of 
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the reduction in yields, which is commonly experienced 
under such conditions, is to he found in the accumulation of 
parasitic organisms in the soil which attack not only the 
above ground iiortion of the wheat j)lant.s, hut also their 
roota Bolley believes that the good elb'cts of jwoper tillage, 
crop rotation and the use of fertilizers and lime arc often 
indirect in that they serv(' as means of contrf)! of jKirasitic 
organisms either by making conditions unfavorable for 



Fkj. 20.— “Willi more intc'iisivo cult ivat ion it lias Ixtu found necessary to 
tak(* es[)ecial precaiilion to control plant jiarasiles wliicli live in tlie soil.” 
IilfTect of CdihhaKe ^Clltms. ((\)urtes\, Wisconsin lOxperinu'iit Station.) 


1 ho parasites or esi)ocially favorable for tlio hosts, thereby 
enabling the latler to resist the invasion of the jiarasites. 

The virulenet* of [larasitie bacteria is often found to 
be related to the fnHjiuaiey with which they hav(' oppor- 
tunity to live within the tissues of the host. ( roj) rota- 
tion is a means of redueing this freciuency. One of the 
po])ular rotations in the (’orn lielt is corn, whent and red 
clover. As previously mentioned, diffieulty has been en- 
(^ouiitered with tins rotation, in part- by n'ason of tlie crop 
sequence and in ])art bcM^ause of the freqiieney with which 
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clover reappears in the rotation. One of the serious ene- 
mies of ivd clov(T is an anthracaiose (Oolletotrichum tri- 
folii, Ihxin). Fortunately alsike clover and sweet clover 
do not ser\'(‘ as hosts for this parasite;. The practical sug- 
g(‘stion is made, therefore, thati alsik(‘ or sweet clover be 
substituted foi‘ red clover ev(Ty second time around the 
rotation where* this ])arasite is present. Another means of 
control is that of lengthening the rotation to include oats 
or soybeans, i)referal)ly the lather because of the nitrogen- 
fixing capacity of its nodule organisms. Other rotation 
suggestions hiive been made in connc^ction with the con- 
trol of otluT parasiti(‘ organisms which liv(* over in the soil. 
Economy of labor will usually decide the s(*(pience of crops 
in a rotation unl(*ss some other r(*ason becomes more prom- 
inent. There is n(*ed to investigate* rotations from the 
point of view of soepience and length as related to soil sani- 
tation. 

THE DISSEMINATION OF PLANT DISEASES IN MANURE 

Another of the intcTesting sugge'stions of Bolley is that 
the manui'e sprc'ader is a v(‘ry elT(*ctivo agent for dissem- 
inating plant diseiisc* organisms. He is of the opinion that 
it may be desirable to compost the manure* in oreleT that 
the^ he*ah e)f fe*rme*nta.th)n may ele*stroy the^se e)rganisms. 
Other plant jiatheJogists i)e)int out that- elisease*ei plant 
re*fuse' shemld ne)t be* pe*rmitteel te) get into the^ maimre heap. 
The*y eiuestion the aelvisabilit}^ e)f fe*e*eling all kinels e)f refuse 
mate*rial from e*roj)s to liveste)e*k paitiemlarly whe*re such 
croi)s as e*.a-l)bage are* greiwn. Neitable e*xamples e)f the 
alme)st e-ennplete le)ss e)f this anel eithers eif the* more* spee*ial- 
ize*el creips, freim ])arasitic organisms which have aceaimulateei 
in the* soil under inte*nsive syst.e*ms e)f crop])ing, are wedl 
known, particularly whe*re* little e*are* was e*xe*rcis(*d in cem- 
neH^tiem with the* sj)re*ael of the* eirganisms in manure and 
se)il. 

It is evident that ceunmeiTial fertilizers have certain 
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advantages in this connection since they are not likely to 
carry disease organisms. Thej' are also especially valuable 
as sources of readily available mineral elements and nitrogen 
which, if properly balanced, are believed to aid the plant in 
develbping resistance. There is also o])portunity to con- 
trol the reaction of the soil at a point which may be unfav- 
orable for the parasitic organism Inil not to the host. The 
use of lime and sulphur in connection with the club root of 
cabbage and the scab of potatoes are notable examples of 
such methods of control. 

DISEASE RESISTANT STRAINS OF PLANTS 

Considerable attention is b('ing given to the develop- 
ment of disease* resistant strains of cro]i jdaiits. A ne)table 
example e)f sue'h a strain is founel in the Kanred wheat which 
is resistant te) black stean rust. In Wiscemsin, Jemes and 
his co-workers ha\’e ae-hie'veel markeel success ^vith yellows- 
resistant cabbage. The Tenne'ssee agricultural e'X])e‘rime,nt 
station reports the* sele'e-tion of a strain of red clover which 
is not attae’keel by anthracneese. Duggar comme*nts e)n 
this problem and nuaitiems the iron cow]>ea, Dillem eottem, 
Sce)tt e^arnation and KieffcT i)e‘ar, as example's e)f strains or 
varietic's of jdants in which re'sistanc** to the* most se'rious 
eliseases cennmonly alTecting the'se ])lants has bee*n note*d. 
He also adds that while* (iise;ase resistane*e may be* inher- 
ited it may e*hange markc'dly as the e*limatie* and sejil cem- 
ditions uneler which the host, may be gi’owing also change. 
A knowledge of the ceuiditieins e)f the se)il as te) t(*ra])e*rature, 
moisture ce)ntent, reaedion anel e)t.her pre)perties whie*h will 
best aiei in the ce)ntre)l e)f s])ecifiei parasite's is elesirablc. 
When these* are kne)wn it may be* possible* that the system 
of management e)f the se)il e*an be* change*d tf) satisfy the 
reejuirements without alte'ring its eff('cti\’e*ness in making 
the inine*ral nutrients anel nitreegen in the; soil available 
for crop use. 



172 


SOIL SANITATION 


STERILIZATION OF SOILS 

III a small way in llie groonliouse and in plant bods, 
control of diseases can be efTecti'd by st erilization of the soil. 
Formalin and steam are the two coimnon materials, used 
for this purpose. There is uiH'd for some method of sterili- 
zation for field purposes. Th(> most promising material 
thus far suggc'sted for this ]iur])ose is bleaching jiowder which 
liberates chlorine when in contaid with the soil and leaves 
an alkaline residue. Kainit and common salt, have also 
been used to some e.xtent although th(^ nature of their 
action is not definitely known. An exani])le of a very effect- 
ive organic com])ound is lound in jiara-di-chlor benzene, 
the agent employiHl commonly in the destruction of peach- 
tree borers. 

In any case it is nece.ss:xry to know not only th(' effect 
of these mat ('rials on the disease organisms but also on those 
which ar(' bc'neficial and on the cro]) plants as wc^ll. I’his 
makes it u('C('ssary, as a rule, that the disinfecting agent be 
volatile or th.'it any residue remaining in the soil b(' not 
injurious, either directly (»r indirectly, in prevc'iiting tlie 
multiplicatimi and activitic's of a (h'sirable soil floi’a. It 
would s('em desirable in gn'enhousc* practice' to follow soil 
sterilization with inoculation by the* use of soil oi‘ artificial 
cultures known to Ix' free of organisms capable of produc- 
ing disease in the cro])s. 

PHAGOCYTIC THEORY OF SOIL INFERTILITY 

In studying the effect of t('mperalure on oxygen absorp- 
tion by soil, Kussc'll and Hutchin.son of Kothamsted found 
that th(' rate of absor])tion xvas vc'ry much iiu'n^ascd by 
partial sterilization of the soil. Further .study of this 
problem hid them to beli('ve that ordinary .soils containcid 
s<.)me factor which was inimical to th(i dexa'loiniK'iit of bac- 
teria. Th('y latt'r came to the conclu.sion that this factor 
was the soil protozoa and that the abnormal bacterial 
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development following partial sterilization was duo to the 
destruetion of these plia^ocytes. 

This i)hago(*yti(^ thc'ory ’’ of soil infertility gave rise 
to a e.onsiderahle ainoimt of diseussion and invc'stigation 
on th(^ use and efileels of heat and \'olatile antiseptics as 
partial sterilizing agents in soils. As a n^sult it has been 
shown that \\w ('fTec^t of su(‘h agcMits is to redii(*(', temporarily, 
tlui total mnnber of organisms in th(^ soil, but- that this 
reduction is later followexl by an abnormal increase in num- 
bers and by a, marked stimulation of the plants grown on 
the soil. An excc'llent revie^w of the investigational work 
on this phase of the soil iwoblem is given by Koj>eloff and 
Coleman, who conclude that beyond the known facts that 
crop growth is stimulated; that the chemical comi)osition 
of the soil solution is altered and that the biological activ- 
ities are profoundly intluenca'd by partial sterilization; 
“ data- of a definite and fundamental chara-(*ter are wanting.’’ 

EFFECT OF VOLATILE ANTISEPTICS ON THE NUMBER OF SOIL 

BACTERIA 

An example' of the e'ffeed of ]>artial sterilization on the 
number of bacte'ria in soils may be sc'lected from the work 
of Fred. Jn this test carbon bisulidiide was used as the 
antise])tic agent. 
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Such a marked effect on the numbers of bacteria must 
be accompanied by considerable changes in the availability of 
the mineral ('leiiieuts and nitroj»;en in the soil. Fred found 
that as the numl)ers of bnetcTia increased there was an 
accumulation of ammonia followed later by a corresjiond- 
ing increase of nitrates. 

INSECTS AS NEGATIVE FACTORS 

Insects constitute a second group of negative biological 
agents whose' control may make' it n('(*essary to alter the 
system of soil maiiagement or the crop})ing sc'quencci which 
would otherwise be employed. Fh(' best weapon the 
farmer has hi fighting insects is that of making (conditions 
unnatural for them. This may be accomplished by crop 
rotation, by the time or d('pth of jilowing, by the method 
of preparation of tlu' soil for [ilanting, by tlu' time of plant- 
ing and by the f(‘rtili;^(T jiraectice. ^\iih the Hessian fly, 
rotation forces migration and subjects the frail insects to 
disasters enroutc'. Delaying the seeding of Avinter Avlncat 
is an ('ffe(*tiv(' nuans of ccmtrol, but this requires that more 
fertilizer be used to enable the wheat to make sufficient 
growth to be al)l(' to Avilhstand th(' wintar Avcathcr. Cut- 
AATirms, grubworms and AAiroAvorms can be controlled in 
part b}^ fall, wintcT or early spring jilowing, Avhich subjects 
them to freezing. Probably one of the most difficult 
jiroblems in connc'ction with th(' control of insects is that 
presented by ])erman('n< jiastuncs hi which rotation is not 
feasible. Osboriu' calls attention to this probknn in a very 
imiiressive statcaiuait in Avhich he indicates that run out ” 
liastures may not be so much tlu' rc'sult of soil exhaustion 
but of an accumulation of iiiseccts and other parasites of 
Iiasture grassc's. It is possible' that the use of phosphates 
and limestone, AAliich ordhiarily show such marked eff(Kcts 
on jiasturc's, might not b(' so necessary if these parasitic 
agents could be k('pt under control by some type of insect- 
icide or fungicide. 
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WEEDS AS NEGATIVE FACTORS 

Weeds may also bo considered as parasites in the sense 
that they rob the crop plants of water and soil nutrients. 
Thojr may also serve as hosts for diseases and insects which 
are injurious to crops. A notable example of this is the 
barberry as related to black stem nist of wheat. The con- 
trol of weeds is a(Tomplished larg(‘ly through crop rotation 
and clean cultivation. On the continuous wh(;at plots at. 
Rothamsted it has been necessary for years to hand-weed 
the wlieat and finally to keep the plots under fallow for 
one crop season. 

On the other hand, wec'ds function in the capacity of 
conserving agents by keeping the soil covcrc'd with \'eg(!- 
tation and aiding in the pnivention of losses by l(*aching 
and erosion. They also s('r\'(' as green manuring crops. 
It is possible that investigation would show that certain 
species of plants which 4ire now classc'd as weeds could bo 
used t.o advantage as a means of storing uj) soil elements 
in organic combinations to be later used by crop jdants. 
The heavy growth of ragweed (.Vmbrosia) white top (Erig- 
cron), pig we('d (Amaranthus) and many other <;ommon 
weeds woidd make it appear logical to study their value as 
green manuring crops. 

BACTERIA AS COMPETITORS WITH PLANTS 

In addition to the baederia which produce' diseases of 
plants, otluTS which are less freejuently mentioned also 
merit (Hinsideration. Reference has iirexiously been made 
to nitrate reduction which may o(!cur whim soils are' wet 
and as a re.sult of which the nitrogen of nitrates may be 
lost as free nitrogen gas into the' almosiihere. Under cer- 
tain conditions bacteria may be active comjietitors with 
plants for the soil elemi'iits, particularly nitrogen. The 
jilowitig under of large amounts of straw, heavy crojis of 
non-lcguminous green manures such as rye, or fresh, strawy 
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animal manures ofi,cn gives unsatisfactory results. A vari- 
ety of reasons can b(' assigned for the bad effects often noted 
in such cases. Among these may be mentioned the fact 
that as the (iarbonac(‘ous materials undergo decomposition 
the bacteria r(\sponsibl(' for h increase more or less to tln^ det- 
riment of those vhich luing about nitrification and with the 
r(\sult that such nitrogen as may l)ecome available is utilized 
by th(^ bacteria th('ms('lves. I’re(|uently crops gi’own on 
soils thus treatc'd hav(‘ every a])])('arance of lacking avail- 
able nitrog('n. If such matc'rials are to be in(iori)orated 
in the soil, tlie jdowing should l)e done as far in advance 
as may be possible before tlie crop is jjlanted. 
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LIMING MATERIALS 

The corrocliv’e ohij)1()voi1 on ncicl soils is iisiiiilly 

calcium or magnesium in Ihc oxiih*, hytlrato <n’ carbonato 
form. Tlu'sc lu’oclucts arc ordinarily dcrixc'd from limc- 
stonos which A'ary in Ihcir chemical comjjosition from 
almost pure calcium carbonate 1o nc'arly pun* dolomite. 
The percentages of iminirilies in linieslojie vary within 
wide limits. Usually linu'slone is not us(>d for agricullural 
purposes vhen the impurilies exceed la ])er c('nt. In some 
localities there are large dej)osits of marl or chalk which 
arc used on the soil after being ])ulverized. Thes(' (piite 
often contain from 7.') to ho per c(‘nt calcium carbonate. A 
number of manufacturing processes have hydrated lime or 
carbfniate of lime as a by-product which may also be used 
for neutralizing the acid in soils. 

RELATIVE VALUES OF DIFFERENT FORMS OF LIME 

A considerabh' amount of discussion has ju’isen as to 
the most desirable form of linu' to use. Xaturally int<“rest 
is aroused in a ])roduct largt'ly in ])i‘oi)oition to the amount 
of advertising anil sah's juoinotion which it recf'ives. For 
this reason farmers in some localities aie convinc('d that 
(juicklime is ]m'lerable to j)ulv(‘rized limestone while in 
oth(T localities (juite th(* opposite* oj)inion jwevails. Like- 
wisci there ai’e difh'rences of oj)inion conce'rning the n'kitive* 
merits of hydrated lime, marl, jn’eeij)! fated carbonate of 
lime and limestone of different de'grees of fineuiess and 
with different ratios of calcium and magnesium. 
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It is a well-known fact that the cleriK^nts calciiiin and 
magnesium have other funelions in the soil and i)lant than 
simply those of neutralizing acids. It is probable, therefore, 
that a calcium stone or its product will be preferable to a 
magnesium stone oi- its prodiu^t. in some cases, while thedat- 
ter may be more ('iTective in others. It is generally agreed, 
how('ver, that th(' primary' ])urpose in Inning the soil is 
that of regulating the soil reaction’ and correcting certain 
acid soil conditions whi(‘h interfere with the growth of 
j)lants. On tliis basis the relative merits of the several 
liming mat ('rials can ordinarily be as(*('rtain(^d from tln'ir 
neutralizing capacitic's and tlu'ir solul)iliti('s. If for any 
n^ason it s('(ans d('sirabl(' to d 'vc'lop considerable alkalinity 
in the soil, which is ordinarily not the case, then th(^re is 
opportunity for ch(.)ic(' of the oxide and hydrate forms. 

THE TOTAL NEUTRALIZING POWER OF LIMING MATERIALS 

The rc'lative iK'utralizing ca])aciti('s of ('qual weights of 
limestone and its ju'oducts (tan be (h'termined by measuring 
the amount of soiiu' standard acid with whi(‘h e(iual weights 
of these niat('rials will react. Assuinijjg that the liming 
mat(Tials contain no impuritk's, tlu'ir rc'lative neutralizing 
pow(Ts can ])e calculat('d from tlieir formuhe and would 
l)e as indicat('d Ixdow, using calcium carbonate as the basis 
at a value of JOO: 


iwniJ*: LX VI 

mOLATIM- Xj:T TUM.IZlNf; OaI’AC ITli:.S OF Limix(; Matkkials 
On li:isis oi (\‘ilciuni C;irl)oii;il(‘ at 100 


Pun* .MaU'iials 

lU'lativt* Wei^lds 

Calcium carhoriatc or liinc.^lonc 

100 

(talcium ()\i(l(* oi hurncd lime 

170 

(’alciuin liyilroxulc or liydnilcd lime 

Dif) 

Calciiiin-inapncsiuin carOonalc c>r doloiiiitc 

lOS 

(’alciuni-mau:ii(‘siuni oxide 

207 

(/alcium-iyajuncsiiirn lix droxide 

i lol 
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With impure materials the neutralizing power in terms 
of calcium carbonate' must be determuied for each product. 
Onc(^ this is known a basis is i>rovided for calculating the 
relative values e)f the s('V('ral materials, assuming uniformity 
with referen(;e to their <»th(*r propejrties. It is api)arent 
that liming rnate'rials will vary in tlunr rates of solution 
and total solubilitie's deix'nding upon the chemical form in 
which they exist and the fineness of division e)f the jwoduct. 
MiiC'Intire found that th<‘ solubilities in carbonated water 
of certain liming mate'rials which he iji\’estigat('d were as 
indicated below: 


TAULE LXVll 

SoLl'HIUTIKS (IF LiMIN(; M.VTKKIALS IX Cauhoxatki) Watku 
In CJr;irns of Cnlciuin C'arbnnatt' I'Viuivalt'iit per Liter 


Material 

(Iranis jier Liter 

C'lilciiiin 

1 0 

Mafinesiuin o.xiih' 

IS () 

Calciuin earhoiialt' 

1 1 

MapjneMimi earlionatc* | 

14 A 

Lnn(‘stoii(* pas,-^!!!^ IPO-inesli sie\ e ' 

0 a 

T.)<»l()iuil(* ])assnijr lOO-mesli si(*ve 

0 r> 


Iii\X‘stig;ati()ns of Morgan and Salter show that ilu' rate 
of iieiilralizatioii of soil aeids by ])ulverized liinestones of 
uiiiforin fineness deereases with increasing ])ercenta^;(‘s of 
magnesium. 

FINENESS OF LIMESTONE 

The effectiveness of limestone in the soil is ordinarily 
determined by its (ineness and the <*xtent to which the par- 
ticles have been mixed with the soil. Distribution in the 
soil can be much more effectively accomj)lished if the 
product is relatively tine although there is a limit of fineness 
beyond which distribution is less easily effected in practice. 
White has studied the rate at which soil acidity is neutralized 
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as influenced by the (h'grees of fineness of two limestone 
pro(lu(*ts. A comparison was also made with burned lime 
as indicated below : 


'rXBLK TA'MII 

I 

FiXExi.ss OF JjImkstonf as [{fla'ii'J) to FFFKf'Tivr.xKss TV Acid Soils 
IVr ('(‘lit of J^iiiK'-Ahsorhiiii; ( ':ip:i(*il \ of Soil SMli^licd in Four Wooks 


Froducl IVcd 

From 

Lim(*>lon(‘ 
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r'rom 
i )()l()mit( 

lainicd liiiic 

an 

Sf 

l(K)-nioli IlIllotnIK* 

so 

7S 

liiiu'vtoiu' 

(U 

2n 

lilMncsli [iin(‘'^lon(‘ 

• >. » 

10 

S-ni(“^h lim(‘>l()ni‘ 

22 
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GrouJid linieslone uMially conlains a mixture of fine 
and coarse inab^rinls and is therefore* somewliat more 
eftective than would be indicated ])y the figures for the 
coarse*. ])rodact in tlie* table*. Ile*re* again the* dolomitie 
stone was slow in its rate* of ae*tion, not only in the e*ase e)f 
the pul\e*rize*d rock but also hi that of its l)urne*el ])roeluct, 
altheiLigh tlie diflere*n(*e*s w'e*re inucli l(’ss niarkeel in the 
fine materials than in tJie? ceiarscr ])roducts. 

COMPARISON OF HYDRATED LIME AND LIMESTONE 

Hartwell and Damon have re*])e)rte*d a comparative te^st 
of hydrate'el lime and pulve*rize*d lime*stone ele*rive*el freim 
the same* dolomitie rock. The limestone* was jiulverizcnl 
to the exte*nt that all of it weiuld jiass a- lU-me*sli sie*ve*, with 
50 i)(*r ce*nt jiassing a sie*ve* with SO me*slie*s to the inch. 
Some of the* fine*!* mat(*rial was se*j)arate*el from this jiroduct 
feir furthe*r ce)mj)arison. The* te*st e*xtende*d ove*r a five*- 
ye^ar jierioe^ The crops greiwn wa're alfalfa, be'cts, e;arre)ts 
and barle'y. A liberal applie*ation of fe‘rtilize*r was made in 
order, if peissible, to iireiveiiit the lime freim having any other 
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effect than that of (^om‘(*ting acid soil conditions. The 
liming mat(!rials were ai)))lied in amounts ocjuivalcnt to 
2140 pounds of calcium carhonate per acre at tin* Ix'ginning 
of the test. The following data show the immediate and 
average effects of the liming materials on the croj) yields: 

TAULJv LXXJX 

CoMrAitisoN Oh’ nvi>ii\Ti:i) IjImk \m) (iiiorxi) Limiistoxm 
^ K’ld t»f (‘rt)j>s in Hu'^luds or llmulnMlwnmht per ,\cr(‘ 
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•J7 1 

.47 S 

(\'irn)t,s 

2 \\) 0 

17‘J 0 

227 0 

Jincis 

‘JSO {) 

•Jlo 0 

2t)<) 0 

Mm, I ley li;i\ 

11 J 

7 {) 

() 2 

Fjv(‘-^'(‘.*jr Av('r;ij;(‘s: 


1 


Alfalfn 

41 S 

.‘ill 1 

42 (i 

Carrots ! 

:;.Js 0 i 

;ni 0 

1 4(i2 0 

Ho'ts. ! 

LM4 0 1 

{) ' 

227 0 

liarloy hay 

‘jr, i ' 

•A- 1 I 

: 24 1 


The fi\'(*-yeiir nveni^e yields of the ujiliiiied plots were 
21. rS hundredweight of nlfalfu, 27S bushels of carrots, 02 
Inisliels of be(ds and 10.4 hundred wei»li1 of barley liay per 
acre. The authors conclude that hydratcMl lime is more 
effective the first year but that for the five-yc^ar ])eriod the 
10-mesli product is practically (‘(jual in its effert to an 
e(]uival('nt ainouiit of neutralizing power in the form of 
hydrated lime. 

TIME OF APPLICATION OF LIMESTONE 

When limestone is axldcnl to the soil, its effectiveness is 
determined in large part by the extent to which it can b(‘ 
distributed and thoroughly mixed with tlu^ soil. Jt is for 
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this reason that it is usually recommended that liming 
materials be added to the soil immediately following plow- 
ing in order that the two may b(' thoroughly mixed in the 
preparation of the seed hod and i)('rha])s in the subsequent 
culti\'ation of a clean culture crop such as (‘orn. Under 
conditions in which corn is to be followed l)y one or more 
other crops, which, like it, ar(' not espt'cially sensitive to 
acid soil conditions, the soil and linn'stone may become very 
intimately inixc'd l)y the time' th(‘ legume croj), from which 
the maximum ))en('fit is to be (leri\'ecl, appears in the rota- 
tion. Under such conditions a somewhat, coarser product 
might b(' used to advantage. 

SUMMER AND WINTER APPLICATIONS OF LIMESTONE 

In genei'al farming wlu're large acreages of land are 
under cultivation, sj)ring and fall a])])lications of limestone 
on (*()rn and wheat, respectively, or on similar (Tops in otluT 
rotations, are atlendc^d eoJisidcTalde difficulty because 
of the liinit('d amount of tinu' availal)l(\ Oftentimc's with 
already d(*lay(Hl ])lanting b^" ix'ason of irr('gulariti(?s of the 
w(\‘ither, a further d(day for th(' ])urpose of liming the soil 
may losult in considcTable reduedion in yio\d of the (*rop 
grown that year. In gcauTal the lud efh'ct of such diffi- 
culties is to ])revent the logular use of linn^stone in ade- 
(juate amounts. It is for this reason that it has been 
found d(esirabl(e to consider the means by which liiiK'stone 
(rould ])e niad(e (dfectiN'e wIkti ai)prued at some otluT sc^ason 
of the y(^ar. The most convenient times, from tlie ]:)oint 
of view of the farnuT of the f\*ntral West, are in the summer 
and winter ratluT than in the sjwing and fall. With a rota- 
tion of corn, wli(*at and c1ov(t, the linuest-one may ho aj)j)li(Hl 
in the winter]- as a toj) dressing on A\heat and preceding th(^ 
sowing of clover schhI; in the summer on the young cIovct 
following wheat harvest; in the succcH'ding wintcT on the 
young clover; or during the* next summer on the clover 
sod after the hay croj) has been harvested. 
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It is ai)piircnt that inaxiiimiu efficiency for that par- 
ticular season (‘.an scarcely be expected \vh('ii the limestone 
is applied to the surfa(*e and (‘nters tli(' soil only as it may 
be carried downward hi solution hi the soil wat(T. This 
(concentration of the linuvstone on tlie surfa(*e may be favor- 
able to the new se(‘dinp; of clover, however, since the soil 
at the surface would have a p;r(\‘iter alkalinity than if tlie 
liirucstone w(Te equally distribulod throupih a cultivated 
layer of soil. It is possible if the 3"oung clover plants get 



Fui. 21.- “By rip])]\ irij; I ho luiu'sio/io on Iho oJovor sod in Viijiusl th(‘ work 
can 1)0 doiK* when tin* roads aro in ^!:ood comlilioii and while UuMvurkoii 
Ui(‘ farm is slack,” 


W(cll started, that tlie^" may be able to satisfy their lime 
re(|uireinents fj’oni th(* surface soil e^'(‘n wliih' their roots 
are growing downward in an acid sub-sui‘face soil. Tlie 
more soluble luiriK'd or h.v(lrat(Hl lime oi- the very fiimly 
pulverized limestone should l)e more effect iv(‘ under such 
conditions. 

APPLICATION OF LIMESTONE TO CLOVER SOD 

Wlu'n lijjiostoiie is ;i])pli('d on the clover sod pn'vious 
to plowing for corn, th(* (pmstion aris('s as to the distribu- 
tion of this limestone wluai th(' soil is plow('d. Usually 
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the furrow is sot on instead of being turned com- 

pletely over. TJio limestone would tJien Ix' left in vertical 
layers and subs(xiu(‘nlly mixed with the soil by the hori- 
zontal aetioii of cultivating machinery. The efficiency of 
such a iiK'thod of distribution is somewhat discounted by 
th(' fact that usually only the surface' few iiK'hes of soil are 
thoroughly mixed in the ])reparation of the seed bed, and 
also l)(Ta.us(' tlie jointer te'iids to bury the limestone more 
deei)ly than would Ix' tlu' case if it were not used. Over a 
periexl of yeaj*s in whi(‘h the furrow is turned several times, 
the limestone probably becomes Avell mixed with the soil, 
])articularly if the furrow slice is de('])ened a. little each year. 
Wh('re the us(' of linK'storu' is made' a regular part of the 
scheme of soil managenu'nt the plan should ]>rove satis- 
factory, both from the ])oint of vu'w of th(' distribution 
of labor and tin* ('[licieiK'V of the limestone. 

This assumption is sui)])orted by some exix'rimental 
evidence on the subjc'ct s(x*ured at the Ohio Agricultural 
hAjx'riment Station. In these tests two tons of finely 
])ulveriz('d IhiK'stoiu' ]xr acre were ap])lied once during 
(\‘ich four-year rotation but at different times in the rota- 
tion oji the various plots in th(* t('st. The data of crop 
yic'lds for the fii’st ('iglit years of the test are given below: 


Tvm.L LX\ 
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1 r,:, 
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10 12 
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s no 

n Hi ; 

2 SO 

11 7S 

On new sccdiii” clover ! 

7 ;n 

().‘J4 

2 11 

7.45 
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0 07 

i.7:i 

a. 5:; ! 

! 7 ltd 
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l» 7() 

1 

1.77 
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Discussing those tests, Williums writes that it is fortu- 
nate that the most coinc^nient time of application is so 
satisfactory in its results. Jiy aj^pljang the limestone' on 
the clover sod in August the work can be done when the 
roads are in good condition and while' the \ve)rk on the farm 
is slack. 

In the more' intensive systems e)f market garden farming 
there is reasem te) be'lie've that more atte'ntie)n shemlel be 
given to regulating the' re'aedieui of the soil se)lu1ie)n te) suit 
the neexls e)f e'a.e*h croj) grown. ]\Iemtie)n has be'en made e)f 
the use e)f sul])hur as an age'nt te) devele)p acieiity fe)r prev 
venting the attacks e)f ])e)tat() se*ab. The' use e)f burneel lime 
fe)r pre)ducing a high alkalinity fejr erabbage as a means e)f 
preventing the elevel()])me'nt e>f edub re)()t lias alse) ben'ii sug- 
ge'sted. Tiirther iiive'stigatie)!) will uiieloubteMlly she)w the 
pH whiedi will nie)st ne'arly Kt the re'eRiirements e)f eae*h 
cre)p or will be'si holel in check its parasites. In intensive 
farming, therefore', it is te) be e'xpeeted that the burned 
prereliict.s may be' in many w\ays more useful than the gre)und 
limeste)ne. The' a])i)licatie)n e*an be timed to fit the' needs 
of each ci*o]) grow n. 

SOME POINTS OF CONTROVERSY 

An excedle'iit eligc'st of the many e*ontrove'rsial perints 
in cerniK'e'tion with the use e)f liine'stone' anel its j)re)elucts is 
given by Fre'ar*. A furthe'r re'view^ anel sup[)le'mental study 
of the' effe'ct of caustic lime e)n the se)il is give'ii by Alaclntire. 
The data available' inelie*ate that tlu're' is little e*he)ie*e ame)ng 
the seve'i’al edie'inie'al fe)rms e)f lime', in the' epjantitie^s in which 
they are e)relinarily use'd in gene'ral fai-ming, whie-h can be 
suppe)rte^d by aelf'eiuate^ expe'rimentaJ evide'ne*e. tTsually 
the ele'cieling pe)int is the ce)st pe'r unit e)f e^ffective nenitraliz- 
ing perwe'r elelivervel anel a])])lie'el te> the' se)il. This means 
that therse gene'ral farmers wdie) are ne'ar the railway sta- 
lie)n e)r source erf sup])ly wall be meri'e inte're'ste'el in tlie 
coarser and thei'edbre cheai^er mate'rials sue*h as limesterne 
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screenings. Longer hauls make it advisable to use smaller 
amounts of more finely juilvei-ized limestoTKi. Where the 
hauling distance is still greater. l)urne(l lime may be the 
most economical i)rodu(*t. The hydrated lime is of neces- 
sity mon* expensive ixTunit of ('ll(x‘tive neutralizing power, 
but finds a ])la(H' on theses farms where' immediate effects, a 
well-develoj)ed alkalinity and convenience in handling com- 
mand a premium. Dolomitic stone and its products have 
higher iK'utralizing powers than calcium stone and its 
products, but. tlielow(T solubility of the former and its slower 
rate of action iii the' coarse'r limestone products may more 
than overbalance this advantage. 

SUGGESTED USE OF LIMESTONE 

The amount of any given liming material to use will 
depend largely ui)on the acid (*ondition of the soil, the 
crop or croj)s to I)e grovn and the economic problems 
involved. S('veral of the agronomists have giv(ai rather 
specific suggc'stions on tlu' amount of lime or limestone to 
use. in which an attempt was made to take all three of these 
variables into consideration. Oik' of the most serious dif- 
ficulties involved is that of de'terniinijig how much lime is 
reepiired l)^^ the soil to bring its reaction to various ])oints 
belie^'('d to be the optima for the several crops. A number 
of methods have' be'en sugge'ste'd for dete'rmining the capacity 
e)f the se)il to al)sorl) lime ameaig vhich that of Veitch, piT- 
viously mentioned, vas fernu'rly rathe'r ge*ne'rally e'mf)le)y('el 
for quantitative' purj)ose‘s. A some'Avhat more e*e)nveni- 
ent methe)d, aiiel one' wliie'h is pe'rha])s e'ejually satisfactory 
as a UK'ans of elete'riiiining the re'lative' aiiiemnts of lime 
required by soils te) bring the'in to sennet de'sireel re^actiem, 
is that e)f e'xtracting the seals with a, solution of some se)l- 
uble neutral salt, such as ])e)ta.ssium nitj*ate er calcium aer'- 
tate, by which the amount e)f re'])k*ice'able iron and aluminium 
can be estimaterl. Of these the llo])kins and the Je)nes 
nu'thoels are in ceanmem use. 
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these the Comber acid soil test is the most promising. In 
this test from 2 to 3 grams of soil are shaken with 5 cubic 
centimeters of a 5 per cent solution of potassium thiocy- 
anate, dissolved in alcohol, which gives a red color with acid 
soils, the depth of color being determined by the amount 
of replaceable iron in the soil. Since most soils contain iron 
which can be thus extracted when these soils become acid, 
the test seems to give a rouglily quantitative answer to the 
(juestion of how much lime to apjdy, if the variation in the 
requirements of croi)s and the economic fa(;tors arc taken 
into consideration. 

As an (!xampl(' of the suggestions on the use of liming 
materials which ha\’e been made by tlic various agronomists, 
may be mentioned those distributed among thci farmers of 
Ohio by the Dejiartmcnt of Soils of the Ohio State Univer- 
sity. The color chart (Fig. 22) shows the de])ths of red 
produ(!ed by shaking soils of different degrees of acidity 
with a solution of ])ot.assium thiocyanate. The sanreeding 
table giv(\s the suggested rate of application of limestone 
for the several croj)s when gi’f)wn on soils of various degrees 
of acidity as indicated by the test: 
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NITROGEN FERTILIZERS 

It is Renonilly assumed that a lar^e j)art of the iiit.rf){?eii 
of (Tops Avill b(‘ s('eur(‘(l from at(ii()si)h('rie sources by tlie 
growth of l(’gumes and througli the ageuey of iiou-symbi- 
otic nitrogeu-fixiiig organisms. A e.ombiuation of eireum- 
staiices has made' it souu'uliat more difficult to r(‘alize a 
profit from tlu' use of eomiiKTcial uitrog('ii tliau from ('ither 
of the other h'rtilizi'r el('ments ordinarily ap])lied. This is 
l)arti(!ularly true with such ero])s as corn and wluvit and 
under conditions in which the eleiiKUit nitrogem costs from 
two to three times as much as either ])hosphorus or potas- 
sium. It is j)ossibl(> that ^mpro\'('d ])roe('ss('s in nitrogen 
fixation will reduce tlie cost of this eh'immt, in which case 
there is n'ason to b('li<*ve that it can Ix' us('d somewhat 
more libendlj’ to advantage. 

NITROGEN ECONOMY IN GENERAL FARMING 

In the livestock system of farming, in which the crops 
produc(‘d on the farm are h'd and the manurti is returmnl 
without loss to the fi(‘ld, there may lu' little necnl for eom- 
m(;rcial nitrogen. In tlu' grain system) of farming it is 
usually n'commc'iKhul that the h'gume (toi)s as well as the 
stalks, straw and other (toj) residue's be jdowe'd undeT. 
Yet it is ratluT generally t rue tluit soils, which have been 
farmed for a i)erie)el of twenty-live yeeirs or more uneleT 
eitlmr system as ordinarily prae'ticed, ;ire' de'ficie’nt in nitro- 
gen, and its a])plic;it ion in available fornes c.:in be ('xpeicted 
to produce' considerable incre'ases in 5uel(l. The use of 
coimiiercial nitrogen on general fimns under iwesent con- 

]8t) 
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(lilions must bo oonsidered largely in the nature of an emer- 
gency mc^asure by which the product i^'(' (capacity of the soil 
may be more rapidly increased, after which the livestock 
system of farming may be i)ut into effect- and the further 
use of commercial nitrogen may no longer be i)rofi»tablc. 
On the oth(T hand tlu're is no legitimate argument against 
the su]ii)l(‘mental use of commercial nitrogen in general 
farming if by so doing larger yields can be produced at an 
increased acre profit. 

NITROGEN ECONOMY IN INTENSIVE CROPPING SYSTEMS 

As long as manure was abundant and cheap the si)e- 
cialized croj) farmer made use of it in lai'ge amounts, not only 
as a source of nitrogen, but also for th(' rc'ason that, when 
aj)})lied in lil)eral (quantities it serv('d to imqu'ovc^ the physi- 
cal ])roperti('s of tlu^ soil. With tlu^ achc'nt of the auto- 
mobile and an ever-enlarging a(*r('ag(' of marked garden 
and canning crops, it has b('en found lUH'ossary to supi)l(‘- 
ment such manure, as is available, with more' green-manures 
and conmuTcial fertilizer. In some' (*a,ses the grc'en-manure- 
f(Ttiliz(T systcau of soil managcMiKait has Ikh'ii (Uitin^ly sub- 
stituted for the ])hos])hat(‘d manure' jH'ogram. The cost 
of f(Ttiliz(*r be'ing only a re'latively small j)art of the^ total 
acre cost of growing spe'cialize'd croj)s, nitrogen and other 
ek'ments may be' su])pli('d in much larger amounts than 
th('y are removed in the (*rops. JOarline'ss and equality com- 
mand a premium on the market sufficie'iit to justify the 
expe'iise. In such case's the ('xce'ss nitrates may be lost in 
considerable amounts in the drainage wate'r, ])art.icularly 
in the^ ordinary sandy loam soils on which ti-uck crops are 
most freeque'ntly grown. 

SOURCES OF COMMERCIAL NITROGEN 

Fertilize'r nitroge'n is de'rived from a \'ari('ty of sourcc\s. 
Some of thc'se are the chief jmxlucts of some' manufac- 
turing or mining qu'oee^ss. Othe'rs arc by-products of some 
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industry. According to Wagganiaii the amounts and sources 
of nitrogen produced in North American industries in 191<S 
were as follows: 
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waste products containing nitrogen, and not included in the 
above list, find their way into tlu' fcTtilizer factory. Of 
those iiK'ntioned only a part of the tonnng(\s wen' used for 
f('rtiliz('r ])uri)oses. "Phis is es]KH*i:dly triu' of sucli i)roducts 
as liigh-grade tankage' and cottonsec'd iiu^al whi(*h com- 
mand a higher jn'ice as fee'ding stuffs than as fertilizers. 

During the yevir 191S the Tnited States also imported 
1 ,(St)9,sr)() tons of nitrate of soda from t'hile. Smaller 
amounts of snl])hat(' of ammonia, nitrate of lime, guano and 
otlier carriers of nitrogen wen' iin])oj*t('d from other coun- 
tries. It is diflicult. to (estimate' the total amount of nitrogen 
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used in fertilizers. However, the uhovc^ table gives some 
idea of the variety ol materials whieh can be used for this 
purj^ose and the relati^ e amounts available. 

SYNTHETIC NITROGEN 

The greater j)art ol the* nitrogen in fertilizers must come, 
in the future, from Chilean nitrate, coke oven sulphate 
of ammonia or irom such materials as ar(' synthesized from 
atniospherie nitrogen. The four (*omj)ounds so far produced 
in the fixation ])roeesses are evanamid, siilj)hate of ammo- 
nia, ammonium nitrate and nitrate of lime. Sonui idea 
of the i)ossibilities ol (le\'elopment of the nitrogen-fixation 
industry may be gained from th(‘ study of the following 
table from the Anu'riean Fertilizer Haiid))ook, showing 
the estimated World's capacity of air nitrogen for 1920 : 

TAHLK lAXIJ 
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RELATIVE VALUES OF VARIOUS CARRIERS OF NITROGEN • 

Tlu' avail;il)ilily of llio nitrogni in fori ilizcrs othor than 
nitralos is lai-^oly tlolc'rininod by tlio rato at which the nitri- 
fying organisms arc ubh' to change it to the nitrate form. 
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The normal bacterial action on i)r()teins n^sults in the 
formation of ammonia, nitrites and nit rat (‘s. As pre- 
viously mentioned, it has been shown that wliile forms of 
nitrogen oth(T than nitrates an^ appan'iitly used by some 
croj^s, ordinarily the nitrates arc the most effect ive. 

A considerable' number of com])arative trials of the 
various carriers of nitrogen have bevn made by soil investi- 
gators. Of these mny be mentioiu'd those conducted at 
the Ohio Agricultural ExpcTiment Station under the direc- 
tion of Thorne as Ix'ing son^ewhat tyincal. Jn these tests 
the various matc’rials have been com])ared when used in 
addition tornneston(',acid })l‘osi)hate and murinte of ])otash. 
The iiitrog(ai carri(a-s were a])pli<'d in su(‘h amounts as to 
provide c(]ual quantiti(‘s of nitrogem. Tlie cro})s grown in 
rotation wen' coj’ii, onts, wheat, (*lo\'('r mid timothy, the 
fertilizer being dividcnl among the first three crops men- 
tioned. The data covc'r the period from 1900 to 1918. 
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The nitrat(' of soda was most effective and the organic 
carrica-s least eff('(*tive as vould Ix' exjx'cted from iircvioiis 
considerations of tli(' bactc'rial pnx'i'ssf's which must take 
})lace before the latter forms (»f nitrogen can l)e used by 
crops. Experiments conducted by other investigators have 
indicated that perhaps tlui relati\'(' ('ffectiveness of these 
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mat ('rials may be n'presc'iiied ai^proximately by 100, 90 
and 80 for nitrate of soda, sul])hat(' of ammonia and dric'd 
blood, r('S])et*ti\'('ly, witJi sonu'what lower figures for the 
other l('ss n'a-dily d('eonij}osable organic materials. 

More rec('ntly comparative trials have' ))e('n begun with 
nitrate of lime and calcium (‘vanainid. The fornuT should 
be as useful a cairicT of nitrogen as nitrate of soda ('.x(^ept 
that this will d('])(‘nd soni(‘what upon the nhitive valiu'S 
of the sodium and calcium ions when ap])li('d to the soil. 
In th(‘ cas(‘ of cyajiainid tlu'j’e is r(‘a,son to believe that its 
nitrogc'ii has an availability sonu'wliat similar to tliat in 
sul])hate of amnumia, although in this (*ase again tlu're is 
a comj)lication in the fact that (‘yanamid not only cojit-ains 
calcium in combination with the nitrogen, but, in addition, 
from 25 to ‘.^0 jKT cent of hydrated lime, (\vanamid is 
toxic to jdants unless aj)])li(d several days before the crop 
is plant ('d. 


PROCESSED ORGANIC NITROGEN 

A considerable number of the organic ^*arriers of nitrogcai 
do not yi(*l(l readily to tlie ])roc(‘ss(‘s of ({(‘composition in tlie 
soil. It is for this r('as(m that many stat(‘s r(‘(|iiire l)y law 
that the manufactuivr iiave ])rinl(‘d on tli(‘ f(Ttilizer bag, 
or on tlie tag attached th(‘r(‘tv), the sour(*(‘ or sourers of the 
nitrogc'n contaijied in th(* f(‘rtiliz(‘r. Among the more 
slowly availabK* matei-ials may be uK'iitiojjed garbage 
tankage, luiir, l(‘ather and wool waste and peat. In the 
modc'rn fertiliz(‘i‘ ])lant siu'h organic materials are subj('ct('d 
to what is known as tlie “ \\(‘t mixing ])roc(‘ss ” in which 
sulphuric acid is adch'd to the mixture of ])hos])hate rock 
and organic mat(‘ria,ls and both the nitrog('n and jdiosphorus 
are made solubk' in tin* ])roc('ss. 

Hartwell and lVmb(‘r ^tudk'd th(‘ efle(*tiveness of the 
nitrogen of a f(‘w of tlu* organic amnioniates lH*fore and 
after acidulation, in comj)a.rison with that of dri(‘d blood. 
The crops grown were Japanese millet, oats and buckwheat. 
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Fu;. 2.S.- “TIi(‘ cost of fertilize'!- IxMiip; only n rolativdy sniall part of the 
total am’ cost f»f j^rowmii: spe'cialize'd crops, iiilro^eai and other (‘leineiits 
jnay Ik' sii[)pli('d in much larj^er amounts than tlu'v are' remov(‘d in th<'S(* 
crops ” 

The following Uil)le shows tlip r(*ln,tiv(' incn'iisos in yinlcl 
resulting from the* use of these nui1(‘rijils in eoinparisoj) 
with dried blood, the nitrogen of which was assiini(*d to 
liave an a^'ailabilit y of SO as eoin])ared to 100 for that in 
the form of nitrate of soda.: 
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The data indicate that processed nitrogen has an' avail- 
ability approximately equal to that of dried blood. No 
explanation is given of the low figure showm for acidulated 
garbage tankage. 

AVAILABILITY TESTS FOR FERTILIZER NITROGEN 

It is to b(' expected that low-analysis mixed fertilizers 
will carr^^ a considerable part or all of their nitrogen in these 
insoluble and slowly a\'iulable forms. It is necessary, 
•therefore, to have some laboratory means of determining 
the quality of the organic nitrogen in fertilizers. Biologi(\‘il 
methods, in which the amount of ammonia or nitrates pro- 
duced und(T standard conditions are det(Tinined, have 
been suggested. Such methods unfortunately are not well 
suited to ordinary laborator}’’ routine. The method adopted 
as official by the Association of Official Agricultural Chem- 
ists is one known as the “ permanganate method ’’ in 
which the water insoluble residue of a sanii)lc of the fer- 
tilizer is digested in neutral or alkaline permanganate solu- 
tion under certain standard conditions, afteT which the 
amount of nitrogen remaining in tlu' undissolved residue 
is dc'termiiK'd. Th(' choice betwecai the neutral and the 
alkaline solution d('i)ends on the nature of the organic 
material. The method is an empirical one and in many 
ways not satisfactory, but int<illig(aitly applied it can be 
depend(Hl on to give a fairly reliable clue to the usefulness 
of the nitrogen in the fertiliz(T. From this test the control 
ch(miist can determine whether or not the nitrogen should 
be passed. 


MIXTURES OF NITROGEN CARRIERS IN FERTILIZERS 

Since nitrate of soda is immediately available for crop 
use, once it is applied to tlie soil, and since if it is not used 
by the crop it may be carried off by the drainage water, 
particularly in sandy soils, it has been commonly held that 
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a mixture of carric^rs of nitrogen is to be preferred to any 
one of them when used alone. By the use of sucdi mixtures 
it is assumed that it is possible to have the nitrogen become 
available at a rate which will satisfy the needs of the grow- 
ing crop throughout the season. 

The eixperimental data on this subject are not entirely 
satisfactory, Init indicate that there is little basis for such a 
belief, particularly when the amount of nitrogen applied is 
no gre^ater than is customarily added in ordinary fiedd 
practice. Thus at the North Carolina Agricultural Experi- 
ment Station in an (Mght-yc^ar test on corn, mixtures of 
nitrate of soda and dried Idood were compared on Cecil 
sandy clay loam soil with each of these materials when 
applied alone with the following results: 


l AHLE LXXV 
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The nitrogen of nitrate of soda was more effective than 
that of dried blood. Nothing seemed to lx* gained by 
mixing the two. When larger amounts of nitrogen are used 
it is possible that, mixtures containing nitrogen from several 
sources will be more effective than nitrat(' of soda alone. 
Thus Blair rc^ports a five-year average acre yield of potatoes 
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of 251 bushels wlieii 1000 jxmnds of a 4-S-3 fertilizer con- 
taining all of its nitrog(*n as nitrate was applied, as com- 
pared to 25.1 bushels with a inixtun' of nitrate of soda and 
sulphate of aninionia, and 257 bushels when fish or tankagc 
was substitutes! for the latter. The soil in this test was a 
heavy loam. On sandy soils the differences might, be more 
marked, 'riu' ee idtaus' indicates that sulphate of ammonia 
and organic carriers of nitrogen, wlu'n used, should bt; mixed 
with nitrate of soila rather than useil alone. 

SOME INDIRECT EFFECTS OF NITROGEN CARRIERS 

Aleut ion has been made of the fact that calcium and 
sodium nitrates, whih* car'ying tlu'ir nitrogen as nitrates, 
may not produce the sjime n'sults by reason of the fact 
that th(' calcium .‘iiid sodium ions art' known to have bene- 
ficial effects as such. Similaily cyjuiamid and suljdiate 
of ammonia contain elements other than nitrogen which 
may influence the growth of cro])s. There is a further 
complication in that substances like nitrate of soda are 
physiologically alkalint' while sulidiatc of ammonia is acid. 
Some notable e.xaniples (»f injury from the long-continued 
use, of sulphate of ammoniti on unlimed .soils have been 
ret'orded, notably at the M'obuni Exix'rimental Farm in 
England, at tht' Pcnn,svhani.a Agilcultural Experiment. 
Station and at tla' Ilhode Lsland .\gricult ui'al Experiment 
Station. On the other hand, sul])hate of ammonia carries 
the cleiiK'nt. .sulidinr \vhich is of ('special impoitancc as a 
f('rtiliz('r on certain crops high in this ('lenient and on soils 
deficient m it. Tlu' jiroblcm is somewhat, complicated and 
th(' effecfiveiK'ss of any carri('r will (k'pend upon a variety 
of factors of which the lu'cd of the crop for nitrogen as 
nitrate is only one. 
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CHAPTER XXII 


PHOSPHORUS FERmiZERS 

Thk content of phosphorus in soils is relatively low in 
comparison with nitrogen, potassium and the other soil 
elements ess(^ntial i.o i)lant growth. The average soil of 
the Middle West will contain about thr(^e times as much 
nitrogen and about thirty times as much potassium as it 
docs of phosphorus. There is no atmospheric supply of 
phosphorus on which jdants can draw, as is possible in the 
case of nitrogen. '^Fhe element can be returned to the soil 
in the form of manure, but sonu' supph'mental source of 
j)hosphorus is essential to replace that, removed from the 
soil in crops or in the bone and other products of animals 
to which the cro])s are fed. Fortunately, there is little 
loss of this element in the drainage water, since soils hav(; a 
somewhat remarkabh* absorbing capacity for phosj)hates. 
As a rule, however, after the soil has been under cultiva- 
tion for a period of t\\(’nty-fivc years or more, th(' croi)s 
grown on it will resj)ond very markedly to applications of 
phosphatic fertilizers. This statement is so lu'arly uni- 
versally true that d('posits of phos{)hat.(^ rock are looked upon 
as one of the most important natural resource's of any nation. 
The necessity for the conservation of phosphate deposits 
is well j)resented by Van Hise. 

SOURCES OF PHOSPHATE FERTILIZERS 
By far the mo,st imj)ortant source of phosphorus is that 
of phosphate roe^k which is found in large deposits in vari- 
ous parts of the world. The United States of America has 
the most extensive of these rock deposits now known to exist. 
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Phosphate rock is found in large amounts in Florida, Ten- 
nessee, the Carolinas and in Utah, Wyoming, Idalio and 
Montana. While the rock can be used as such when finely 
pulverized, it has found its largest use in the form of acid 
phosphate, a product resulting from the action of sul- 
phuric acid on the phosphate rock. 

Phosphates are also produced as by-products in the 
packing and steel industries in the form of bone meal and 



I'lfi. 24.- “ Drjxisit.s of ])li()spha1o rock arc lotikcxl uyion as oiu* of Ihc most 
imjiorlaiit natural resources of any natjoii.” 


l)asic slag. ros])Of*tively. A oonsideniblo ])orti()n of the i)h()s- 
})h()rus reioovc'd from the soil is tluis returned to it, but us 
the population iiiereases a larger j^erec^ntage ot the tt)tal 
])hosphorus content of jdants is tied up in the bones of 
human beings of \vhi(*h little is n'covered to tlu' croppenl 
soil. The mineral j)hosphat(\s and bone ctmtain their 
phosphorus in the form of tri-calcium phosj)hat(\ Basic 
slag is found to have an excess of cahaum oxide and some 
silica in the phosphate molecule, the exact formula of the 
compound being unknown. In addition basic slag, being a 
product of the blast furnace, contains some free cahuum 
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oxide and is found to have a value for neutralizing soil 
acids of approximately half that of an equal weight of lime- 
stone. Bone meal mid basic slag are ordinarily ground to a 
fine powder in preparation for use on the soil. Frequently, 
the fat is first remoi ed from the bone by steaming or extract- 
ing with some solvinit. 

THE PHOSPHATE ROCK INDUSTRY 

Some idea of the size of the phosphate roc^k industry in 
the United States may be gained from the following data, 
which giv<‘ the (luantities marketed and exported for the 
period 1913 to 1918 as reported in the .(Vmerican Fertilizer 
Hand Book for 1920: 
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The exportation of jihospbate rock was very much cur- 
tailed during the World War, but there was an increased 
domestic demand for it in the form of acid phosphate, so 
that the total 3 'early produirtion had almost returned to the 
pre-war level when the armistice was signed. Most of this 
phosphate rock is secured from the Southern States, the 
Western dejiosits being too far removed from the market 
to be profitabl.v worked. More recentlj’^ a Montana mining 
companj', which has sulphuric acid as a by-product, has 
bt^gun the manufacture of acid pho.sphatc containing approx- 
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imately 45 per cent of phosphoric anhydride, a product 
almost three times as concentrated in phosphorus as the 
ordinary acid phosphate. By reducing the weight per unit 
of phosphorus, it has been possible to market some of this 
matepial in the Central West in competition with acid 
phosphate from Tennessee and Florida. 

THE MANUFACTURE OF ACID PHOSPHATE 

In the manufacture of acid phosphate, the ground phos- 
phate rock is treated with approximately an equal weight 
of sulphuric acid. The resulting j)rodu(;t, after curing and 
subsequent pulverization, constitutes the ordinaiy 14 to 20 
per cent acid phosi)hat.e of the fertilizcT trade, the percent- 
age depending upon the purit}' of the original rock. The 
action of the suljJiuric acid results in the formation of cal- 
cium sulphate, with the consequent loss of the (calcium from 
the phosi)hate molecule. The resulting i)roduct, commonly 
known as acid phosphate, is a mixture of (talcium sulphate 
and the mono-, di- and tri-calciurn phosphates. Aid per 
cent acid pliosphate is one in wliich the phosphoric anhy- 
dride ill the mono- and di-calcium phos])liate forms amounts 
to I() per cent by weight of the product. The mono-calcium 
phosphate is soluble' in water, the di-(^alcium ]^hosiihatc will 
dissolve in wc^ak acids, while the tri-calcium phosphate, 
which escaped the action of the sulphuihr acid, must be 
treated with strong acids in order to effect its rapid solution. 

THE PRODUCTION OF CONCENTRATED ACID PHOSPHATES 

As a means of economizing in freight and also for the 
more economieral utilization of low-grad(' phosphate rock, 
it has been found desirable to produce' what are known as 
“ treble-superphosphat.('s ” containing higher perceaitagc's of 
phosphorus. Mention lias been made of the 45 per cent 
acid phospliate produced in Montana. This product is 
made by treating phosiihatc' rock with an excess of sulphuric 
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acid after which tlie resulting i)hosphoric acid is used to 
treat an additional (]uantity of j)hosj)hate rock. As a 
result of this process th(' calcium suli)ha4e, which ordinarily 
dilutx^s the acid phos])hate about 50 p(T cent, is eliniinated 
and a. highly con(*erit rated ])roduct ])roduced. 

With the lower gnide i)hos])hate rock it may be prefer- 
able to driv(? off th(‘ j)hosi)horic anhydride by heat and 
collect it in water, after which tlie resulting phosphoric acid 
can be used to ])ro(lu(*e concentrated acid phosphate from 
high-grade ])liosphate rock. Coiisiderable ntbmtion is being 
giv(‘n to this j)ro(*ess by the United States T)ei)artnient of 
Agricultim'. 

Thv higher ]K*rc(mtage acid idiosphates an^ often built 
up from the ordinary 1() or IS ])er cent to 20, or more, by 
mixing with tlu'm a givcai amount of a, more concentrated 
product. The demand is largely for th(' It) per (*ent acid 
phos])hate, but uudoubteclly the amount of the higher per- 
(*entag('s used will increase wluai tlu' supply of “ treble 
superphosj)hate ’’ ])ermits of advertising the advantages 
of the more concentrated ])roducts. 

AVAILABILITY TESTS FOR PHOSPHORUS 

Since only the mono- and di-calcium ])hosphates are 
products r(*sulting from the action of sulphuric acid on the 
phosi)hate rock, it is necessary to have some means of deter- 
mining what j)art of the total ])hosj)horus still remains 
in the uncliaiigc'd ti*i-calcium form. Tin* method of deter- 
mining th(* amoimt of ])liosphorus in the mono- and di- 
cal(*ium forms, which is ordinarily spokcai of as “ available,” 
has been adoptc'd as official by th(‘ Association of Official 
Agricultural ('hemists. This method calls for digesting 
th(‘ waslu^l samj)l(‘ of acid j)hos]diat(‘ with a neutral solu- 
tion of ammonium citrate for a period of thirty minutes 
at a temperature of 1)5"' U. The phosphate remaining 
undissolved after this treatment is termed * insoluble” or 
unavailable.^’ The method is an arbitrary one, but has 
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bocjome generally adopted and is found to nwiet the require- 
ments of an availability t^est fairly satisfaertorily. 

COMPARATIVE VALUES OF ACID PHOSPHATE AND PHOSPHATE 
, ROCK 

Although acid ])hos[)hat.e has become popular as a car- 
rier of phosphorus then' has been and still continues to be a 
(H)nsiderabl(' amount of dis(‘Ussioii as to the relative value 
of finely pulverized idiosphate ro(*k and acid ])h()sphate. 
The most prominent, advocate of the use of phosphate rock 
was the late (\vril (J. TIo]d\ins, whose arguuK'nts in favor of 
its use were given wide ])ublicity. A conijm'hensivc' review 
of the ex])erimeiital evidence on phosidiate ro(‘k in Illinois 
and at the several other agricultural expc'rimental stations 
in America and Europe is given by Waggaman and Wag- 
ner, In general it may be said that these data indicate 
that the untreated rock is (juit(' edectivc' under certain con- 
ditions and that th(' choice between it and acid j)Jios])hate 
is largely (hdcTinhied l)y the system of crop])ing and of soil 
management which the individual farmcT may ado])t. 
Eor the most ])art acid ])hosi)hate is used in intensive sys- 
tems of farming, while jdiosphate rock finds a prominent 
j)lace in th(' more ('xtensive systems of farming practi(*ed in 
the Corn lh‘lt. 

Probably th(' most important and significant comjiara- 
tive test of the two is that which has be(*n und(‘r way at the 
Ohio Ex])eriment Station at Woostia for th(' last twenty- 
oiK' yc'ars. In this test acid jihosphate and phos|)hat(' rock 
were ai)])lied with manure on the clover sod, which was 
})low(‘d for corn in rotation with wheat and clover. The 
manure was used at the rate of S tons ])(*r acre, -10 jiounds 
of acid phos])hat(' or phosphate rock luhig s(*a.ttered over 
each ton before* it was hauled to the* field. In reviewing 
the following couRiarative data it is well to have in mind 
that acid ])hos])hate (*ontains, in addition t(» the sevcTal 
calcium i)hos})hates, about 50 per ci'iit by weight of calcium 
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sulphate which has long been known to bo of considerable 
value in stimulating crop growth. Further, under the 
conditions of the test, twict; as much phosphorus Avas sup- 
plied in the phosphate rock as was contained in the acid 
phosjjhate and at a cost of something over one-half of that 
of the latter. 
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It will be noted that th(- g>'f)sum iiiciA'ased the elTectiv'e- 
ness of the manure on the corn and Avliejit. A number of 
other probkiins involved nu'rit consideration among Avhich 
may be mentioned th(‘ fact that tlie rate of accumulation 
of phosphorus in the soil is greater from the use of phos- 
phate rock than from acid jdiosphatc', although to date, 
there is no evidence that this residue is of any added v'alue. 

PHOSPHATE ROCK— SULPHUR- SOIL COMPOSTS 

A study of the activities of sulphur oxidizing organisms 
in soils led Li]mian to suggest the use of elemental sulphur 
in conne(!tion Avith phosj)hate rock. Preliminary studies 
had shoAA'n that sulphur was readily oxidized in soils and it 
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seemed reasonable to believe that if a sulphnr-soil-phosphate 
rock eompost was prepared the acidulating action of the 
sulphuric; acid could be concentrated largely on the phos- 
phate rock. Further extended investigation by Lipman 
and his associates show(;d that the rate of oxidation of sul- 
phur can be considerabl}^ increascnl by inoculating it with 
active strains of sulphofyitig organisms. 

The Lipman i)ro(;ess of mixing rock phosphate, inocu- 
lated suli)hur and soil in the* ratios of two of the first to one 
of each of the others has provcai successful. The extent 
to which this method of scaruring av^ailable phosphoric acid 
will b(' used in practice is problematical. A (;ritical review 
of the literature on this scibjc'ct together with an extended 
bibliographj' is given by McLean. 

CAPACITIES OF PLANTS TO UTILIZE PHOSPHATE ROCK 

Truog b('lie\'es that, plants which have a relatively high 
content of calcium also have; a relatively higli (;a])acity to 
secure i)hosj)horus from ])hosphate ro(;k. He explains this 
assunij)tion on the basis that if the (;alcium acid (;arbonate 
imxluced by th(' action of carbonic acid on phosi)hat.(* rock 
is rc'rnoved by the crop the n'action can proceed. Bauer 
tested this assumption further in a comparison betweem 
the growth increase resulting from the use of acid phos- 
j)hatc and ])h()s])hate rock. In this test the jdiosphate 
rock was api)lied at a rate corr('S])onding to that ordinarily 
emjdoyed in Illinois field jiraet.ice. 

The calcium content of t he tops of the plants and their 
capacity to utilize* phosphate* reeck are ne)t always corre- 
lated. Baue*r explains these dise;re*pancies eui the; basis of 
the diffeTe'iK'es in the* e‘harae*ter eef their re)ot systems. Plants 
having an e*xte*nsive deve*le)pment of librems re)e)ts are able 
te) see'ure a large*r amount e)f phosphorus from i)he)sphate 
rock by reaseui of th(*ir e*e)ming in e*e)ntact with mem; of it 
in the* se)il and by taking up me)re; e)f it as it passes into 
solution. Wluitever the explanation, the fact remains 
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1’AHLE LXX\T1I 

Relative CArAriTiEs of Plants to Utilize Phosphate Rock 
]iy Uomimrison with X()rin:il (Irowtli IVoduml by tho Use of Acid Phosj)ha1c 


Plant 

Caloiiiiii in ^''ops, 
P(*r e’ont 

Peroontapo of 
Normal (Irowth 

Rod clovor 

1 e)i 

3a 

Whoat 


34 

Oats 


41 

Corn 

() ra 

41 

Timothy 

0 

43 

Soybeans i 

1 as 

47 

Rape . ... 

1 r>o 

34 

Alfalfa 

! 1 lo 

ei2 

Ryo 


eui 

Huokwhoat 


72 

Rod top . I 

t) (\:i 

72 

R(‘d sorrel | 

t) 9t 

S2 

S\V(*ot olov('r ... ! 

1 :^7 

S3 


! 


that the se\Tral plants vary in their n^lativo capacities to 
iis(‘ ]ihosphat(' rock in the (iiiantitics in which it is ordinarily 
sujiplied. Tlie choice between acid phosphate and jihos- 
])hate rock will therefore b(‘ determined in part, by the crops 
to be grown. If, for (example, sweed clover is to be used 
as a grec'ii mannring crop it would secan probabh' that phos- 
phate' rock could b(' used to advantage in preparation for 
the growth of the crop. 

PHOSPHATE ROCK ON ACID SOILS 

Assuming that Truog’s hypothesis is correct, it would 
be exj)ect(Hl that ])hosphate roc^k could b(' usc'd to best 
advantage' on aciel seals whiedi yieldc'el uj) very little cal- 
e*iuni te) the' soil se)lut.ie)n. Such s(*ems te) l)e' the e;ase. Sew^- 
eral experiment stations, ne)tably Ineliana and Ke'ntucky, 
have* re'peirte'd elata whie*h indicate* that ]die)sphate rock is 
relatively more effective in ceanparisoii with acid phosphate 
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on acid soils when no supplemental liming treatments are 
given the soils. 

COMPARISON OF ACID PHOSPHATE, BASIC SLAG AND BONE MEAL 

While the greater part of the phosj)horus used on the 
soil is in the form of acid iihosphate. tlu^e is ()j)i)oTiunity 
for choice among this material, bone meal and basic slag, 



And pliospliHtr No fortili/cr 

25. “A.s ;i nilo. aflor Iho soil lias lipcn undtT cull ival ion for a jicriod 
of 25 years or inon*, llic cn»f)s ^rown on il will r(‘.‘'])on(l very markedly 
to a])plications of phosjilialic ferldizers.” Ohio I'ixix'ninenl Slalion 
T'ann a( Slron^svilie. 


t}j(' prodiKits which carry thi.s (*l(»iii('nt in IIk^ most 

readily available forms. These* llir(*(* mat(*rinls vary in 
their effectiveness, de])ending u])on tlu* conditions of the 
test. Botk* ni(\‘d contains a higher percentage* of (*a,lcium 
ilian does acid ])h()sj)hale and will l)e relatively more 
effective on acid soils. On the other liand, acid ])hospliate 
contains soluble jdiosphates which t(*nd t,(' j)recipitate 
aluminium and tlien'by to overcome* the toxicity of this 
element. Basie* slag has considerable cai)ae*itv te) neutralize 
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acid soils and for that reason is often preferred on pastures 
or on alfalfa where lime may not have been added. There 
is also an additional compli(!ation in that a(!id phosphate 
contains considerable amounts of cahdum sulpliate. It is 
necessary in comi)arative trials to take these facts* into 
consideration. 

An interesting comparison of these three carriers of 
phosphorus is provided by the t(«ts or. the Ohio Agricul- 
tural Experim(!nt Station farm at Wooster. In these tests, 
14 per cent, acid phosphate is supplied at the rate of 320 
pounds per acre each five-year period and the other mate- 
rials are used in equivalent amounts. The rotation is corn, 
oats, w'heat, clover and timothy, the phosi)hate, together 
with supplemental nitrate of soda and muriate of potash, 
being applied to the soil for the first three crops in the rota- 
tion. The soil, Wooster silt loam, is limed as recjuired. 

TAUIJO lA'XlX 

COMPARATTVE EFFECTIYKNEiSS OF ( 'aHJIIEKS OF PnOSPFlOUUS 

Soil liiMKi) and Tkeatkd with Nitrate and JNitasii — 19 (K)- 191 (S 

Increase from Phosfihorus CarruTs on Basis of Aciil JMios])hatc 

at 190 


! 

Carriorsof Phosphorus j 

eVirn 

1 

j Oats 

1 

! \\’hoat 

1 

■ Clover 

1 

1 Timothy 

Atiid jiliosphnlc j 

100 

BK) 

1(K) 

100 

1(K) 

Bono inoal . 

53 

5-1 

07 

113 

115 

Basic sla^ I 

1 

53 

52 

7S 

S5 

()5 


In general, the acid phosi)hate se(‘ms to be the most 
effective and basic? slag the hiast effec'tive in increasing crop 
yields. Other comparative tests on a potato-wheat-clover 
rotation at Wooster showed somewhat more favorable 
ratios for bone meal and basic slag, particularly the latter. 
Undoubtedly much would dci)end upon the conditions of 
the test. All three of them have been found to be good 
investments. 
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In ‘the above test these three carriers of phosphorus 
have been conlpar(^d on the basis of equivalent amounts of 
what is considered to be “available” phosphorus. The 
test of availability as applied to acid phosphate has been 
giv6n previously. With bone, the total content of phos- 
phorus is determined with no supplemental solubility tests. 
With basic slag the test is one of solubility in 1 per cent 
citric acid solution. The comparisons, therefore, have been 
made somewhat arbitrarily, but are of value in giving a clue 
to the relative effectiveness of the phosphate's under (um- 
ditions in which the laesk of lime has not b(;cn a limiting 
factor. 

THE CALCIUM SULPHATE IN ACID PHOSPHATE 

In the early analys(!s of plant, ash a considerable i)art of 
the suli>hur was lost, by volatilization in th(^ pro(TSs of inenn- 
eration. This fact not being known, the importance of 
th(i clement sulj)hur in soil and plant ('conomy was not 
appreciated. R(H!cuUj' it. has been shown that, the content 
of sulplmr in ]ilants and soils is quitei similar to that of 
phosphorus and the jwoblem of economy of the two ele- 
ments may Ix' assumed to be much the same'. Ik)wever, 
there are sc'vei'al ])oint.s at which it differs. Sulphates are 
readily leacJied from t.lu^ soil. Sulplmr is nf)t required in 
such large amounts as j)hosi)horus in animal e(x)nomy. 
There is a. suljihur cych' by waj’ of the atmosphere which 
nmews the sui)ply in th(', soil, at least in industrial sections, 
as raj)idly as it. is depletcxl by (Tops. 

Th(^ bi'iieficial ('ffects of landidaster, particularly on 
somewhat unproductive soils and on the k^gunic crops, has 
long been known. IJenjamin Franklin is said to have writ- 
ten “ niis land has been plastered ” on a hillside near Phil- 
adelphia with landplaster and the words could be r('.ad by 
the passerby because of the nmiarkable increase in the 
growth of the grass. At one time land]}last.er was quite 
a popular fertiliz(;r, but later its use fell into disrepute when 
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the good effects of limestone and later of acid phosphate 
Iw'came known. SiiKie the latter material contains land- 
I)las1.er, it is difficult to dct(‘nnine what part of its effe(!tive- 
ncss is du(' to this material and what part to its content of 
available phosphf)rus. In t.he manure test previously ('itod 
it. was sliown that landj)lastcr added to the manure, in- 
creased its effpcti\('ness. It is possible that, a mixture of 
I)hosi)hate rock and landplaster would have given, under 
some eoiulitions, results quite as good as acid ])hosphate. 

With th(‘ d('V(‘lopment of t.h(' “ treble su]ierphosi)hate ” 
industry th(*re is an additional reason for d(*t.ermining the 
extent to which the calcium sul])hat(' in the acid jihos- 
j)hate functions in its effectiveness. The cfuicentrated 
acid i)hosphates contain veiy little' or no calcium sulphate, 
lender conditions in which the lack of sulphur is a limiting 
factor in cro]) growth, it is jn-obable that it will b(^ desirable 
to contimu' to use acid phosphate (tarrying at least a cer- 
tain percentage of calcium sulphate. It is possible that as 
these investigiitions continue it may be shown that gypsum, 
of which large' eiuantitie's are available, may be use'd in eion- 
ne'ctieen with |)he)si)hale re>ck, bone me’;al and basic slag te) 
aelvantage. 

FINENESS OF GRINDING PHOSPHATE FERTILIZERS 

With e'ither ])lK»s])hate re>ck, bone meeal eer basic slag, 
finene'ss eef grinding is ('ssential to rapiel availability. It is 
few this reason that cenitreel bulle'tins eefte'u sheew the finene'ss 
e)f be)iie' me'al. Ste'ame'el bone' is eisually mue-h metre fine'ly 
diviele'el, ajiel the'refetre' metre e'ffective', than the raw bone. 
Phetsjthafe rttek is etrdinarily pulve'rize'd to the ])e)int whe're 
inetsi etf it will jtass a sieve with 200 me'sht's tet the inch. 
Sine'e phe)S])hate' retek e'emtains its phetsphetnis in a form quite 
similar tet that etf ajtatite, which is the mine'ral cemtiiiuing 
the phetsphetnis in the .seiil, net cemsielerable; ine'rease in the 
ametunt etf available phetsjthetrus can be e.xpee-teel in the 
setil solutietn from its use, unlc,ss a large ametunt etf fresh sur- 
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face of' the phosphate rock is exposed to th(‘ solvent action 
of the soil water. 
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CHAPTER XXIII 


POTASSIUM FERTILIZERS 

Soils containing fairly high percentages of silt and clay 
are usually wt'll supplied with potassium, the (juantity con- 
tained in two million pounds of average surface soil amount- 
ing to 35,000 pounds or more. In contrast with nitrogen 
and ])hosi)honis. the potassium content of subsoils is usually 
somewhat higher than that of tin* surface soil. Considered 
from the point of view of the entire dejith of soil through 
which the roots of crops penetrate, the amount of potassium 
is such that there is little danger of c.xhaustion of this ele- 
ment. On th(' other hand it has becm shown that most soils 
which have been farmed for a (juarter of a century or more 
will produce considerably larger yiidds of most croj)s if some 
soluble potassium salt., such as the chloride' or sulphate', is 
applied to them. It wenilel aiipear that me)st eef the peitas- 
sium ce)ntained in the seeil is present in a fe)rm which docs not 
readily dissolve in the sen! water. 

AVAILABLE POTASSIUM IN SOILS 

Most of the pe)tassium in soils oe;curs in the form of sili- 
cates in varie)us stages e)f hyelratiem and eleceimpeesitieui. 
An additional amemnt is pre)bably present in the fetrm of 
adseirption cemipemnels. Freshly pulverized orthex-lase yields 
an alkaline seilution em shaking with carbemated water elue 
te) the formation of potassium carbeniate. The rate e)f 
solution of pe)tassium from soils e'ontaining einly small 
amounts e)f e)rganic matter is relatively slow. Evidently, 
as the process of hydrolysis continues, secondary mineral 
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products are formed which either hold their potassium firmly- 
adsorbed or are covered with a prote(!tive coating of col- 
loidal material which serves to shield the undecomposed 
mineral from further action of the soil solution. 

The available potassium in soils is probably largely 
that which is present in combined fonii in plant remains 
from which it readily dissolves or is liberated through the 
action of bacteria. The decay proce.sses undoubtedly also 
aid in the liberation of additional i)otassium through the 
production of strong mineral acids, such as nitric and sul- 
phuric, which maj'^ have opportunity to act on the pre- 
viously undecomposed potas.sium-b(‘aring minerals in the 
soil. Und(T good systems of management in which the 
soil is kept well sui)j)lied with crop residues, such as manure 
or clov('r roots and .stubble, large crop yields can be pro- 
duced almost indefinit('ly without the supj)lemental use of 
soluble potassium salts. In the livestock systcaii of farming, 
in which the loss of potassium from th(^ farm in the form of 
animals or th('ir products is practi(;ally nil, it should be pos- 
sible tf) keep such potassium, as has once been dissolved, in 
the form of “ circulating (vxpital.” The drainage lo.sses of 
jiotassium are not as large as the solubility of its compounds 
would lead one to believe, since, as previously noted, the 
soil has a high adsorptive capacity for this elenumt. 

SOILS NATURALLY DEFICIENT IN POTASSIUM 

There are soils, how(!ver, in which even with good man- 
agement th(‘ lack of available potassium is likely to be a lim- 
iting factor in crop growth unkiss it is supf)lied in manure 
or in commercial form. The most outstanding examples of 
such soils are found in certain peats and mu(!ks and in sandy 
soils containing a high percentage of quartz. On such soils 
th(! response of crops to the us(! of soluble salts of j)otassium 
is often quite remarkable. Examples of such cases are given 
by Conner and Abbott in connection with a study of some 
unproductive black soils of Indiana. The following table 
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shows the effect of potassium-bearing fertilizers on the yields 
of onions on some of these soils: 


TABhK LXXX 

Effixt of Potassium Salts on Onion N'ields on Rlack Soils, Indi,\na 


County 

1 Unfertilized 
: Nields, ; 

Bushels 

1 i)erAere ' 

1 1 

1 Busliels lncr(‘ase from 
j E(‘rtilizer * 

i 

1 

’ No 

i'olasli 

10 Per Cent 
Potiish 

Benton 

i 000 

1 73 

113 

Kosciusko 


41 

00 

Whitley 

307 

20 

1.30 

.lasper 

42:j 

12 

202 

Noble . 

1 391 

•17 

S9 

Aver:iii:(* all t<*s1s 

' 101 

49 

130 

- — 

♦ 1000 pouiiils <>1 pn 


— — — 


A similar t(\st. with potatoes on a sandy loam soil in 
Florida is rejiorted by Floyd and lluiiert with th(' follow ing 
results: 


Effect of Potassium Salts on Potato Yields on S\ni>t Soils, Ploiuda 
i»(‘r Acivwith 2000 l*ounds IVitiliziT 


V(‘:ir 


lOlS 

1010 

1020 


No Potash 

5 IVr Cent P(»tash 

34 

09 

70 

119 

100 

140 

70 

111 


SOILS DEPLETED OF AVAILABLE POTASSIUM 

Even on soils (uintaiiiing large amounts of total potas- 
sium, (H)ntiiiued cropping without the return of manure or 
adequate amounts of crop residues soon leads to a reduction 
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in yields because of the lack of this element. An interesting 
examine of such a case is found in tlu* data of the Ohio Agri- 
cultural Experiment Station in connection with the growing 
of p()tatoes, wheat and clover hi rotation, on a silt loam soil 
containing over 30,000 pounds of the clement potassium in 
the plow depth of surface soil. In these tests which have 
extended over a period of twenty-five years, a comparison 
has been made between two fertiliziTs, one of which con- 
tained only acid iiho.sphatc and nitrate of soda, and the 
other an additional (juantity of muriatic of potash. These 
fertiliziT materials were apfilied at the rate of 320, 240 and 
200 pounds per aiTc, rcspcctivel3^ with the following results : 

TABLE J.X.XXJ 

EfP'ECT of PoTASSn^AI SaIXS on \'jKLl) OF ( ^IIOI'S ON VX’OOSTEK LoAM 

Soil 

'I'hr(T-\ FJir Jioljilion — Soil lAinod .-md K(*rliliml — 1S04 to 191S 


I*ori()d 

TriTltllKMlt 

lner(‘ast‘ in ^'i(*Id per Acre 
from FtTtilizers 

l\)tnto(*s, 

Ihi 

Bu 

C*loV(‘r, 

C Vt 

JSt)l 1905 

Nf) polMssiuin 

20 9 

7.1 

2 S 

1S91 1905 

Willi potMSbllllll 

17 0 

9 2 

2 1 

1900 1917 

No f)()l:issiijrn 

12 2 

S 5 

7 S 

1900-1917 

With potiiSMUin 1 

! 

41 7 

10.5 

10 0 

1S91-1905 

No frrlilizor yield 

Hio S 

25 5 

35 5 

1900-1917 

No f(Ttili7.(T yield 

lo:i S 

2r> s 

31 9 



' 

! 




At the beginning of the test tlu' soil was in a virgin 
stat(i having b(‘('n recently cleared from second growth 
forest. A sufficient amount of potassium was made avail- 
able, as a result of cultivation and through the processes of 
decay, to satisfy the reijuirements of the crops grown, .so 
that the limiting factor was something other than the lack 
of available potassium, l^ater a deficiency of this element 



218 


POTASSIUM FERTILIZERS 


became apparent in the yields of potatoes with minor evi- 
dence in the wheat and clover. It should be mentioned 
that the disease factor int(;rfcred with the success of the 
potato crop during the later years of the test w^hen it became 



2 tons silaKo 1 i r» tons sllsipp 

Corn on muck land at Evansville, Wisj-onsiti 


Fig. 2().— “Then* arc soils in which, twon with ^ootl inanaKomont, the luck 
of available potassium is likely to be a hmiliiif:; fa(‘1or in croj) growth 
unless it is sipijilied in maniir(‘ or in eoinuKTcaal form. The most out- 
fit aiuling examples of siieh soils ar(» to be found in ('(‘rtain peats and 
mucks and in sandy soils eontaiiiing a liigh pereimtage of (piartz.” 

necessary to substitute corn for potatoes every second time 
around the rotation. 

THE SOURCE OF POTASSIUM FERTILIZERS 

The potassium in ftTlilizers has its origin larg(!ly in 
natural salt dc'posits of which tlutse in France and CJemiany 
are by far the most extensive known. Previous to th(; 
World War most of tin; j)otash salts used in America came 
from the Stassfurt mines in (Jennany. These' deposits are 
made up largely of chlorides and sulphates of sodium, 
potassium, magnesium and calcium. Two crude salt mix- 
tures known as kainit and manure sjilts and containing 
12.5 and 25 per cent, resj)ectively, of pota.ssium oxide, 
ordinarily termed potash, are used in (ionsiderablc amounts 
without being ndined. Most of the potassium shipped 
to America, however, is in the form of the sulphate or 
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the muriate of potash containing 48.6 and 50 per cent of 
potash, respectively. 

The total importations of potash salts had reached large 
proportions as indicated in the statistics given below for the 
year 4913, immediately preceding the War: 


I'ARLE LXXXll 

Imports of Potash Salts into the United States in 1913 


Suits 

P(t (’ioiit 
J*otash 

Tons of 
Salt. 

'rons 

l^otash 

Kiiiliit. 

12 1 

521,170 

01,020 

Miinure suits. . i 

i 20 0 

250, 5)29 

50,100 

M iiriiite of potiish ... 

TiO 0 

237,030 

118,815 

Svilpluite of potash ... j 

All others | 

j 4S 0 

44,319 

3S,9()1 

21,554 

15,019 

(iraiul total, 1913 


1,092,588 

270,720 

Cirniid total, 191S . . 

i 

24,119 

7,957 


The iiiiportatiulis of jiotash wilts were very small during 
the War and as a result a considerable advance was made in 
the recovery of potash as a by-product in manufacturing 
processes and from natural lirines in the Unitcnl States. 
Waggaman gives the data for this as indi(^ated below: 

'J AULJ': LXXXIV 

Quantities ok Potash Produ(t:d in AMEuirAN Indus'i kies, 191 S 


Name of Imlustry 

IMaterial Produced 

Tons of 
Material 

l*(*r(!entage 

Potash 

l^itash from brines 

C’riidi* potash salts 

89,371 

28.0 

Potasli from almiile . . . 

Sulphate of potash ! 

i 0,180 

42 0 

Iron blast riirnaces . 

Flue dust . 

1,500 

20 0 

(ViniMit industry 

Flue dust 

11,172 

12 0 

Heet suj^ar industry. 

1 t'a el ory waste . ... 

;i,050 

20 0 

'Fobaceo industry 

1 3'ol»aeeo steins 

37,200 

4-0 

Kel]) industry , 

Muriate of potash 

' M,029 

34 

Wool industry 

\\ ool washinps 

931 

12-50 

llardAVood industry. 

j Potassium earboiiati* 

1,003 

01 
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Until such time as the natural deposits of potash salts 
of Germany and Framre are exhausted a large part of the 
potassium used for fertilizer and other purposes will prob- 
ably be froni ihat source unl(*ss other natural deposits are 
found. A number of ap})lieations for patents have* been 
filed with the United States J^abmt Ofliee which have for 
their purjjose the i)rotection of proec'sses of extracting 
potassium from silicate rocks. The extent to which such 
l)rocess(is may be developed in the near future is problem- 
atical. 


AVAILABILITY TESTS FOR POTASSIUM 

The availability test for potassium is solubility in water. 
The only other laboratory determinalion concerning potas- 



Fig. 27. — “Tho polassium in forlilizors has its origin hirpcly in natural salt 
dcjiosits of which those in France and Gt'rinany an* liy far I he most 
('Xtensivo known.” DnllinK holes for cartrid^t'S al tin* »‘nd of a workinj^ 
KalJ(‘ry. (Courtesy, Societe Conini(*rcial(‘ I)es Fotasses D’Alsace.) 

sium made by conli-ol chemists is one for the purpose of 
deciding whether it is present in the fertilizer as the sul- 
phate or th(! cliloride. For (certain purposes th(' sulphate 
is bclic\'ed to be preferabh* to the muriate of potash. Since 
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the latter is somewhat cheaper and the quantity available 
is greater there is a tendency for the manufacturer to use it 
in his mixture, providing no objection is raiscxl by the fer- 
tilizer user. Manure salts and kainit also contain large 
amoiyits of chlorides. 

COMPARATIVE VALUES OF VARIOUS CARRIERS OF POTASSIUM 

Kainit and manure salts, by reason of thcdr content of 
sodium and magnesium salts, probably influence^ the growth 
of crops in a variety of wa 3 ^s. Ordinarily, the more c-on- 
eentrat(^d salts an' iisc'd as a nu'ans of e(U)nomizing on 
freight. Of the comparisons which have been made of the 
several carriers of ])otassium an example' may be selected 
from the tests of the Ohio Agricultural Experiment Sta- 
tion, at (Sermantown, with the tobac'co crop. In these 
tests potassium was iis('d as tlu' muriate, nitrate and sul- 
l)hate, in ('(luivalent amounts, in connection with acid phos- 
phate and nitrate of soda, on Alianii silt loam soil, for the 
tol)ac(H) crop grown in rotation with wheat and clover. 
Kitrate of potash is a by-product of the tobacco industry. 
The nitrate of soda, acid ])hos])hate and muriate of potash 
wen' a,pf)lie(l to the soil, ])revioiis to ]^lanting the tobacco, 
at rates of 240, 4S0 and ISO pounds ])('r acre respectively. 
The data for the period lOOS 1918 follow: 

FAHLE LXXXV 

UoMJ'AltATIVK EFFia TIVKNKSS OF VakIOFS (’aKRTKKS OF PoTASSIUM 

.TVkak Potation — Miami Silt Lo\m Soil- Fiftffn-^ kau Avkiiaoks 
ILasic Tkfatmknt of Ac id Piiom-m \tk and Nii’iiatf of Soda 


lncri‘iis(‘ from I’otnssiiiin UarruMs 

C’pIcuImIimI Dll 
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Jijisis ol Miinato of Pol 

CiirriiT of l^)t;issiuin 

Tol)ar«*o 

AN lu-1,1 

( Mover 

Muri:it(‘ of potosli 

KM) 

KHI 

100 

Nitnifi' of pol.'ish * 

1 » 

! 

ir.-i 

:u 

Suly)liat(‘ uf potnsh 

I 

! 14S 

1 

1 102 


* 111 Oils c.'tM’ l)u- iiiliuti- uf ^llHlu AMIS kmIuci'iI to so pduiidh per acn* 
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The yield of tobacco was greater from the use of the 
chloride than from either the nitrate or sulphate, but its 
quality for smoking purposes was somewhat inferior. Sim- 
ilar objections have been raised against the use of muriate of 
potash in connection with the growing of potatoes, although 
Wheeler states that tubers of exccdlent cooking quality 
have been grown for many years on the Rhode Island 
Agricultural Experimental Farm with munate of potash 
as the sole source of the commercial potassimn. 

SODIUM AS A SUBSTITUTE FOR POTASSIUM 

During the World War, interest was revived in the pos- 
sibilities of substituting sodium for potassium salts in fer- 
tilizers. This subject had long been a matter of investi- 
gation and controversy. As early as 1894 a series of plots 
had been set aside for the study of this problem at the 
Rhode Island Agricultural Exiwriineut Station. The last 


TAIJLE IJCXXVl 

The SriisTiTUTjoN of Sodium Foit Pota,ssit:m in Feutilizehs 
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1 

1 
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1 

1 

'2 
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4 
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97 
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1 
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SI 
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1 
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1 
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* l-year avurage. t G-ycar average. 





MAKING SOIL POTASSIUM AVAILABLE 


223 


report on these investigations, covering the period from 
1905 to 1918, is given by Hartwell and Damon. In these 
tests the sodium and potassium were supplied both as car- 
bonates and as chlorides and in connection with tw’o dif- 
ferent amounts of lime. Phosphorus and nitrogen were 
supplied in such amounts as were assumed to make the 
lack of potassium the limiting factor. In Table LXXXVI 
are given the relative yields of radishes and of potatoes as 
determined by the extent to which sodium salts replaced 
the potassium salts in the fertilizer mixture. 

The authors conclude that sodium can be substituted in 
part for potassium in the plant. further indirect benefit 
is secured ])robably due to the replacement by the former 
of the potassium in the soil compounds and also, perhaps, as a 
result of the similarity of the salts of these two elements as 
related to their effect on the soil solution. 

MAKING SOIL POTASSIUM AVAILABLE 

Because of the large amount of potassium in the average 
soil and subsoil, considerable attention has been given to 
the means by which this (!an be made available. In addi- 
tion to sodium, .such elements as magruisium and calcium 
may be assumed to have the c.apa(nty to replace potassium 
in the adsorption or mineral compounds in which it exists 
in the soil. The use of lime, particularly in the oxide and 
hydrate forms, has been suggested for this purpose, but the 
data on the subject arc conflicting. A resume of the results 
of such investigations is given by Briggs and Breazeale. 
Hopkins and Aumer found that even after all of the potas- 
sium, which was soluble in strong hydrochloric acid, had 
been extracted from a soil, additional amounts gradually 
became available, by growing crops of clover and turning 
them under. Green manuring crops and weeds, particu- 
larly those ha\dng large fibrous root systems, may func- 
tion in part as agents for extracting potassium from the 
soil for the use of subsequent crops. In connection with 
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his investigation of the feeding power of plants for phos- 
phate rock, Bauer also studied their cai)acity to utilize the 
potassium of feldspar. He found that as compared with the 
normal at 100 when supplied with soluble pt)tassium salts, 
buckwheat, (!orn, sweet clover and oats i)rt»duced a per- 
centage growth of 23, 45, IOC) and 107, respectively, when 
the source of potassium was feldspar. 

On livestock farms most of the potassium removed in 
crops can be returned to the soil in the manure and in a 
form whi(;h is soluble in Avater. If such a crop as sweet 
clover is grown in the rotation, it is i)ossible that a consid- 
erable supply of potassium may be made' available for the 
use of other crops. All of th(‘se methods of making soil 
potassium availabh; must be A\('igh(‘fl as to cost against the 
more simj)le ])rocess of ap])lying solul)l(' potassium salts in 
forms and amounts to .suit the Jiec'ds of the crops to be 
grown. In intensive systems of farming and with crops 
ha\'ing a high i)otassium reciuirement and a high acre value, 
there is little (piestion Init th.at the latter method is essential 
and profitable as a .supplement to any other means which 
may be employed for extracting this element in larger 
amounts from the soil. 
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MIXED FERTILIZERS 

Thk (iiirriors of nitrogon, phosphorus and potassium can 
be purcliased and ai)])li('(l separately or they can be secured 
in the Icjnii of mixed feidilizers and tlie entire application 
made at one time. Tn general, llu* American farmer prefers 
to apply his (ertilizers all in one ojK'ration. J'iven if he 
buys the ingredients s{'i)aral(‘ly they arc' usually mixed 
before being ap])lied to the soil. While a certain amount 
of home-mixing is done, (he major ])ortion of this work has 
been taken over by (he fertilizer man ufaeturcrs, who should 
be abhi to do it more economically and in many ways 
better than the fanner, 'riu* disadvantage' in using mixed 
fertilizers, other than the fact (hat (heir(a)st is higher, due 
to the inclusion of a mixing charge, lies in the opportunity 
afforded the manufacturer to ])ut into the mixture some of 
the less desirable carriers of the nutrient elements. 

THE FUNCTION OF THE CONTROL CHEMIST 

Practically all of the .'itates have laws regulating the 
sale of fertilizers which make it comjndsory for the manu- 
facturer to state on the bag, or on a tag attached thereto, 
the soun^cs of the fertilizer ehmients and the percentages 
and solubilities of these ('lemeiits. Each of these states 
has in its (uni)loy a control chemist whose function it is to 
see that the guarani e(!s of (he several companies are met in 
the mixtures which they sell, both as to percentage and avail- 
ability of the essential elements contained in them. Pre- 
N'ious discussion has shown that the solubility tests for 
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phosphorus and potassium seem to indicate availability 
fairly satisfactorily. There is somewhat more uncertainty 
as to the solubility tests for nitrogen. As a rule, how- 
ever, the intelligent buyer is protected by the inspection 
service, the report, of which shows the claims of the fertilizer 
manufacturer and the findings of the control chemist The 
opportunity for the use of materials of low availability is 
less in high analysis fertilizers since these usually contain 
the fertilizer elenuints in such small ])erccntages that high 
analysis mixtures cannot be made from them. 

“ WET MIXED ” FERTILIZERS 

One of the arguments of the fertilizer manufacturers in 
favor of factory mixing of fertilizers is that by this means 
an outlet is provided for all kinds of waste producits of plant 
and animal origin which iiave little or no value for any 



Fig. 28. — ''While ti certiiin amount of home-mixing is done, the major portion 
of this work lias l)(‘en taken over by the fertilizer man iifact iirers, who 
should be able to do it more eeonomieally and in many ways better than 
the farmer.'* 
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other purpose. In the “ wet mixing ” process these organic 
by-product materials are mixed with the phosphate rock 
and the mixture is treated with sulphuric acid. After 
being processed in a “ silo,” allowed to cure, taken out and 
pulverized, the resulting material contains its nitrogen as 
well as phosphorus in more available fonn. The work of 
Hartwell and Pember, previously referred to, shows the 
effectiveness of this process. Many of the factories are 
simply dry-mixing plants and the organic materials are 
therefore not i)roccssed. Tliis will be shown by the solu- 
bility tests of the (control chemist in states in which such 
tests for (juality of nitrogen are made. However, the fer- 
tilizer industry is becoming each year more of a chemical 
and less of a scavenger industry, and an ever-enlarging per- 
centage of the ingredients are inorganic (iompounds carry- 
ing the fertilizer elements in highly available fonns. 

An excellent, discussion of the problems involved in the 
fertilizer business is given by Hills in which it is shown that, 
on the w'hole, the manufacturers are rendering a valuable 
service to the farmer in taking over the entire i)roblem 
of assembling and compounding the s(!veral fertilizer ingre- 
dients into mixtures of gf»od mechanical condition and 
meeting the requirements of the crops to be grown. 

HOME-MIXING FERTILIZERS 

In the event that the mixing charge is too high the 
farmer has the albimative of mixing his own fertilizers. 
These can be put together in ratios to suit the requirements 
of ca(!h crop. As a result of the activities of the fertilizer 
industry it has become customary to speak of fertilizer 
analyses in terms of their contvmt of ammonia, phosphoric 
a(dd and potash. Thus a 3-12-4 fertilizer is one which 
contains 3 per cent of total nitrogen calculated as NHa, 12 
per cent of “available” phosphorus calculated as P 20 r„ and 
4 per cent of water-soluble potassium calculated as K 2 O. 
Assuming that such a fertilizer was to be mixed by the 
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farmer, he would ordinarily purchase' nitrate of soda, acid 
phosphate and muriate of potash as his sources of these 
(‘.ompounds and mix them in the following proportions: 

TAOLE LXXXVII 

lN(.lCl-:l>rK\TS FOK ()i\F 1\)N OF o~l‘2 I Efutimzfh 
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’♦’The liiler aiul (lu- foilili/er aiipht rotluccd aecordingh 


The fertilizer manufacturer (*oul(h if ho desired, so select 
his materials as to secure the correct ])erc('nta.ges without 
the use cf any filler. Usually lie finds it desirable either to 
use an organic carruT f()r])art of the nitrog^ni or to add a 
small amount of some inert material, such as sand or muck, 
in order to insure that the mixture Avill not become hard on 
standing. Tame and limestone have often been einj)loyed for 
this pur])ose and are very effective', although if used in any 
considerat)le amounts thew tend to reduce the availalnlity 
of the ])hosi)horic acid and to cause the volatilization of 
ammoniacal nitrogen. 

THE USE OF SINGLE FERTILIZER SALTS 

It is probable that, with the development eif the more in- 
tensive anei si)e'cialize'd syste'ms of farniijig, it may be found 
desirable to ut ilize the seve'ral tertilizcT mateTials at difTe'rent 
pe^riods in the growtli of the' eTo]). Thus in oirhards and 
vineyarels it is eaistomary te) ajiply nitrate of soda e)r some 
other readily soluble carrier of iiitroge'n ('.arly in the spring 
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season, while phosphate and potash fertilizers are applied 
at some other convenient time for the benefit of the mulch- 
or cover-crop. Similarly, soluble nitrogen carriers are some- 
times applied to wheat in the spring, while the other fer- 
tilizers are applied at the time of seeding in the fall. . By 
this means it is possible to more nearly fit the application 
to the needs of the crop as determined by the seasonal fac- 
tors and the condition of growth of the crop. Such prac- 
tices are common in Europe and are likely to become; much 
more so in America. 

By far the most common practice in general fanning 
systems in America is that of confining the fertilizer to 
some carrier of phosjihorus and d('p(;nding upon the air for 
nitrogen and the soil for j)otassium. Undoubtedly similar 
practices account for the waves oi unpopularity experienced 
by linjc and landplaster. The continued use of any single 
fertilizer or liming material tends toward a relative accu- 
mulation of the el(;mcnts contained in that material with 
the result tliat, unle.ss care is taken to insure the presence 
of ade(]uate amounts of the other elements re(]uired by 
crops, the single mat(Tial ap])lied will {;v(;ntually become 
meffcctive. Fortunately acid phosphate contains not only 
I)hosphorus but also calcium and sulphur. Further, it 
happens to be useful on acid soils and tends to stimulate' 
nitrogen fixation by legumes and the non-symbiotic organ- 
isms. Undoubtedly the experiences of farmers with lime 
and landi)laster will not be duplicated so (;xt.ensively with 
acid phosphate, although it is probable that numy farmers 
would find that carriers of nitrogen and potash could be 
used to advantage to supplement the jihosphates on much 
of the soil which has been farmed for fifty years or more, 
unless a well-managed livestock or a leguminous-green 
manuring system is practiced. 
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THE ADDITIVE EFFECT OF FERTILIZER SALTS 

It is interesting to note the more or less additive effects 
of lime and the several fertilizer salts. This is well shown 
on Ihe silt loam soil of the Ohio yVgricultural Experiment 
Station at Wooster. The soil of this farm had been depleted 
of its virgin produ(!tivity before the fertilizer tests were 
begiin. After some yo.ars of experimenting it was discov- 
ered that the soil also required lime. From this date for- 
ward lime or limestone was aj)plied regularly as required. 
The following tjible shows the data of average yields pro- 
duced for the period 1900-1 91 S, on various plots receiving 
lime and the several fertilizer salts: 

I'ABLE LX.KXVHl 


Additive IOffect of Vakiofs l^'EimuzEit Salts 
Avcraj^c Acrt'- Yields, Wooster Sill. Tjoam Soil, I9(K)-191S 
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24 \) 
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Nitrate of soda * 

•ISO 

45 9 

50 5 

30 5 

31 5 

40 2 

Muriate of potash * 

2()0 

54 4 

53 2 

1 

32 2 

33 2 

40 9 


* Appliiul 111 .‘iddition to all thoNi* iiirnhoiiod nbovi* il. 
t Pounds ptT acre each Iivc-.\car jK-nod. 


It is not the imrpose, at this tim(% to considiT the ratios 
of the several fertilizer materials best suited to Uk^ needs 
of the eroi)s grown or which would yield tlie largest aiTe 
return on the investment. The data show that each of 
the materials added 1.o the productive' (capacity of the soil 
and that the net result of their (H)mbiried use was the pro- 
duction of large average yields of the croj)s grown in the 
rotation. Undoubtedly the use of more suitable ratios 
and of greater total quantities would have resulted in larger 



232 


IVIIXED FKKTILIZEES 


and more economic yields. It must also he kept in mind 
that no niiiiiure was iijjpliod to tJio soil and that the rotation 
folUnved does not meet the r(‘(iuireinents of good soil prac- 
tice. 


THE GROWTH OF THE FERTILIZER INDUSTRY 

Similar data could b(‘ found on almost ev^ery experi- 
mental farm in America the soil of wliieli had been under 
cultivation for twenty-tive years or more l)efore the test 
was begun. As a result there has Ix'en a very rapid increase 
in the use of fcTlilizers, a large' portion of \vhi(*h have been 
of the mixed \'ariety. The following table gives the esti- 
mated tonnage of fertilizers, ineluding I)oth unmixed and 
mixed, whieh was consumed in tin' United States and in a 
few reprc'sentative individual states as given in the American 
Fertilizer Handbook for 1920: 


TAHl.E LXXXIX 
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=* J’^hf iniafc.s fidiij infoi million l>\ , stair ollu-inls .uul l<-iiili/a'i rD/iijiiimrs 

The rapid growth of the fertilize]- industry is assured. 
Many of the problems whi(di ai-e of most concern in their 
economical us(' remain to be solved. Some of these have 
been sugg(\sted in ])revious chapters and otln'is will be dis- 
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cussed later. Tt is apparent that farmers are convinced 
that the various materials which enlcr into the composition 
of fertilizers perform a useful function, or functions, in the 
soil, and crop. 

9 

FERTILIZER PRACTICE IN OTHER COUNTRIES 

European countries also use ha-tilizers in large amounts. 
In fact th(; practice' was he^gun as a rcisull of the investiga- 
tions and teachings of Liebig in (Jermany, of Lawes and 
(jilbert in England and of \'ille ami Bou.ssingaull in France. 
As previously meidioned, fertilizers aie not mixed in fac- 
tories in Europe as they are in America, but tliey are usually 
ajiplieHl se'parately or, if mixed, tlu^ mixing is largely done on 
the fann. 

The only eountrie's in which .‘igriculturc has been car- 
ried on succe'ssfully over a long ix'fiod of years without the 
use of fertiliz('rs arc China and .I:ipan. A most intenisting 
discussion of the methods (tf s(»il management emidoyed 
in these Oriental countries is gi\'en by King in his book 
entitled “ Farmers of Forty Centuries," from which it is 
evident that the ])lan em])loy('d by the farmers of these 
countries does not dilTer in principle from tluii of Ameri((a. 
The difference is one of metluxl since in (/hina and .Japan 
every bit of human ('xci'enu'nt is carefully saved and 
returned to the field i'l the ])lac(' of the mineral fertilizers 
used in Euroj)o and ,\.mei’ica. 
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THE SELECTION OF FERTILIZERS 

As previously indicated, practically all soils which have 
been und(;r cultivation for twenty-five years or more have 
their })roducti\’c capacity improved by the use of well- 
chosen fertilizers. Usually, the carriers of nitrogen, phos- 
jdiorus, potassium and the alkaline cahdum compounds are 
somewhat additive in their effects so that by their com- 
bined use the yields of croj)s can be raised to a very high 
level. The problem before the farmer is that of deciding 
on the ratios of these elements best suited to the needs of 
his crops and as to the (juantities to apply. It is evident 
that the soil, the climate and the crop must, receive consid- 
eration in reaching a decision. There is a further economic 
problem involved which may make it necessary to scicrifice 
yields for profit. This factor may affect both the ratios 
and the amounts of the several elements which arc applied. 

THE SOIL FACTOR 

C'ertain g(;neral primnphis may be stated which govern 
the choice of f(!rtilizcrs in so far as this is related to the 
character of tin; soil, ('hcmical analyses checked by many 
tests of fertilizers have shown that most of the soils of the 
United States are relati^’ely deficient in phosphorus. It is 
for this reason that phosphates have become so popular, 
particularly in tin; general fanning areas in the Central 
West. It has also been definitely establishcid that sandy 
soils are usually low in their content of available mineral 
elements and nitrogen. This is particularly true of cer- 
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tain beach sands which are often made up of almost pure 
quartz particles. Muck and peat soils are high in their 
content of nitrogen, but quite often contain only relatively 
small amounts of i)otassium. Acid peats arc also espe- 
cially deficient in their content of phosphorus. Soils of 
sandstone and shale origin usually contain very little car- 
bonate of lime, and associated with this condition is a 
reduccxl availability of the nitrogen and mineral nutrients. 
All soils in the humid regions tend to becomci acid when put 
under cultiv^ation. 

THE SYSTEM OF SOIL MANAGEMENT 

The management of the soil, as related to the sy.stem of 
cropping and the method of disposal of these cjops, is of 
primary importance in determining the extent to which the 
soil can be made to yield up the reejuired elenuints to plants. 
The well-known beneficial (effect of legumes in aiding in the 
conservation and increase of nitrogen in tin; soil makes it 
essential to take into (tonsideration the frequency wdtli 
which such croi)s ajipear in the rotation. If the crops grown 
are fed on th(^ fann and the manun' is (uirefully c()ns(ir\'ed 
and returned, the loss of mineral (ilemciits and of nitrogen 
may be reduced to th(‘ minimum and the retiuirements 
of large crop yields cjin be met for many ye.ars without the 
use of any conumTcial fertilizers excej)t ])hosphates. If, 
in addition, sup])lemental feeds are i)urchased, the produc- 
tivity of the soil may be still further increased and the 
expenditure for fertilizers may be confined to that necessary 
to maintain a proper ratio of the nutrient elements. In 
grain farming, it is possible to have a .system of soil man- 
agement which corresponds in its effectiv(mess to that of 
live.stock farming, by growing a legume crop to plow under 
and returning the straw and stover of the grain crops to 
the soil. 



236 


THE SELECTION OE FERTILIZERS 


DEFICIENCIES IN PHOSPHATE AND CARBONATE OF LIME 

As previously indicated, no matter wliether a livestock 
or a well-managed grain system of farming is practiced, it 
becomes necessary in time to supply phosphates to most c f 
the soils of the United States as a means of returning the 
phosphorus removed in tlie grain, or in the b{)ncs and milk 
of the animals sold from the farm. It is also essential, as t\ 
rule, that limestone l)e regularly applied in amounts suth- 
cient to comi)(aisat(‘ for the loss of carbonates in the drain- 
age and crops and to maintain the soil i‘('ax*tion at a i)oii.t 
which will meet the re(|uirements of th(' crops grown. Ihe 
nitrogen and i)otassium economy mider either of theK' 
systems of soil management ca?i be satisfactorily pn)vided 
for, since conditions an* favor, l)le for l)oth the symbiotic 
and non-symbiot ic nitrogen-fixing orgaiiisms, and the 
aA'ailabh' ])otassium may l)e hu’gely returned in the crop 
residues and manure. 

T::E CLIMATIC FACTO.^ 

The various factors influencing th(^ rate of growth of 
plants are definitely int(*rr(‘la.ted. Of these factors tlie 
climatic* grouj), previously mentioned, are highly im])ortant 
and liave a controlling infliKiice in the distribution of crops. 
Tem])erature and rainfall, i)articularly the rainfall-evap- 
oration ratio, o])erate as limiting factors in crop growth in 
eithcT extreme. If all other factors are at the oi)timum, 
higher tem])eraiures, within certain limits, increase the 
rate of biological actix ities, both in the soil and in the ])lant. 
Uhemical rea.(* 1 i<>ns 07'dinarily double for cnery increase in 
tempei’ature of 10 '^' (\, although no such increase is noted 
in the rate of growth of ])lan 1 s with rising tem])eratures. 
Howc'ver, most of lh(' biological ])rocess(\s in tin' soil are 
much more raj)id in wai’in climates providing they are not 
luhl in check ])y tin* lack of water or some other limiting 
factor. 
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Bear concludes that nitrogen fertilizers are likely to be 
more effective, under average conditions, in the latitude of 
Wisconsin and Georgia than in that of Ohio. In the north- 
ern-states the soil does not warm up so early in the spring 
and the seasons are short. Nitrification is th(Tcfore delayed 
and is not likely to be excessive. Quite the opposite is 
true in the Southern States. This greater nitrogen loss 



Fig. 30.- ^*It is evident, tliiit the soil, the cliiiuit-c and the crop must receive 
ronsideralioii in reuchinp; a decision as to llu‘ fertilize’* analysis to use. 
There is a further eeononiie j)roblem involved which may make it 
necessary to sacriliei* yi<*lds for profit." (C'ourtesy, Pennsylvania 
Agricultural Exiierirneiit Station.) 


could undoubtedly be compensated for by an increased rate 
of nitrogen fixation, under conditions in which advantage 
was taken of the more rapid growth of leguminous crops. 
Truog states that more limestone is reejuired in cool climates 
by reason of its relation to crop matui’ity. He also states 
that weatht'ring processes are more active in the South and 
more linai is mad(^ available from the soil. 

Hall calls attention to the value of phosphatic fertilizers 
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in wet seasons, as a means of hastening the maturity of the 
(Top. This effect has been rather generally noted, partic- 
ularly in connection with the use of acid phosphate. Hall 
further states that hi dry seasons potash salts, by inducing 
a longer period of gr(n\th, tend to be more effective in 
increasing the cro]i yi(*ld. In n^gions of sparse rainfall and 
in dry seasons, even in humid climates, large applications of 
soluble* ferlilizei' sails may increase the* rate of growth and 
transpiration of crops to .such an extent as to make the lack 
of water a seriously limiting fa(;tor. It is thus apparent 
that both the composition of tin* fertilizer and the rate of 
application will lie infliu'nced liy the climatic factors. Tliis 
is one reason i\hy the f('rtiliz('r recomnu'rulations, e\*en for 
the same crops and for soils of similar characteristics, differ 
in the various states. 

VARIATIONS IN CROP REQUIREMENTS 

It is well knoAvn that crops viu’y in th('ir muieral require- 
ments. This is indicated by the fact that they are found 
to contain v('ry different amounts of the several soil ele- 
ments i)(?r unit of diy weight or ])cr acre of croi). There is 
also the additional comjdication in that they differ consid- 
erably in the* s])read and character of th(*ir root systtnns and 
consequently in their cai)acity to secure mah'rials from the 
soil, d'hose difference's w('re iiot('d in coniu'ction with the 
discussion of the use of jdiosidiate rock and h'ldspar as fer- 
tilizers. Tt is also a well-known fact that some crops 
nwpond much mon* vigorously to the use of hTtilizers, or 
to one or the otlu'r of the sevaaal sidts of which fertilizers are 
made, than do others. 

Hartwell has pre.sentcd a preliminary classification of 
crops, on the basis of their <'xp('rimental response to the 
thrc'e fertilizer elements ordinarily considennl, as indicated 
in lable XC. 
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TABLE XC 

Response of Crops to Fertilizer Elements (Hartwell) 


Groui)od According to Order of Response * 


m 

(irouj) 

Nit rogen 

IMiospliorus 

1 

Potassium 


Rye 

CWrot 

Ck>rn 

, 

Bean 

Buckwheat 

Ryt‘ 


(Wn 

Millet 

( nbbagc' 

1 

CUictiinlicr 

Oat 

'J’urnip 


( 'ahtiage 

Pea 

Bean 


IVa, 

Bean 

Oat 


Potato 

'^ronialo 



AVheat 

Corn 

Millet 


iSun flower 

Potato 

Wheat 


Turnip 

Rye 

Jhickwheat 

II 

Tomato 

Wheat 

C’arrot 


Reel. 

Sunflowt'r 

I'otato 


( Wrot 

Barley 

Tomato 


Oat 

L(‘lluc(‘ 

Barley 


Millet 

(’ahhage 

Scjuash 


Piirsniii 

B(‘('t 

Sunflower 


Ruckwlieat 

Cucumber 

Beet 

III 

Let luce 

Onion 

Onion 


Burley 

l*arsnip 

Parsnij) 


S(iiiash 

S(|Ua.sh 

Letniee 


Onion 

1 

1 

Tumi]) 

('ueumber 


* In thf tlmsc <‘n»p.s in (iroup 1 show ihi* Krr.'itcsf rosponsc* to the elenient.s 

indieiited. 


THE ECONOMIC PHASE OF THE PROBLEM 

In deciding ns to the fertilizer urialysis, Hartwell, of 
necessity, takes into consideration th(' matter of ec^onomy. 
He siipigesls a standard ratio of 2-3 -2 for th(' ammonia, 
phosphoric acid and ])otash, respectively, and nmltijdies 
this by the number of the grou]> in wliich each crop is 
found for each of these (compounds in order to arnve at a 
conclusion as to the most suitable fcTtilizer analysis. On 
this basis onions and parsnips would be given a G-9-G, pota- 
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toes a 3-9-6, eorn a 3-9-3 and cabbage a 2-9-2 analy- 
sis, etc. 

In the growing of the more specialized crops little atten- 
tion is paid to the “ bank account ” method of calculating 
the necessary return of mineral elements and nitrogen, but 
large amoxints of complete fertilizers are supplied, since there 
is o})portunity for additional profit either by reason of a 
greater yield, a better quality, or the possibility of getting 
the i)roduct on the market earlier than most competitors. 
The relationship between the acre value of crops and the 
possibilities from t.he use of fertilizers are indicated in the 
following table. In this table the assumption is made that 
a 10 per cent increase in crop yield will result from the use 
of a fertilizer. Th(' last column shows the number of pounds 
of fertilizer costing $40 per ton which (lould b(‘ purchascHi 
from the procecids of sales of the 10 per cent increase of 
each crop. 

TAHT.IO X('I 

A(TtE OF ('UOPS AS KklATEI) TO lllxPENDTTUUE.S FOK FeUTIUZEUS 


CMicnlal-cd from 1920 Avorano f ields anti Priros in Ilniiod Stiitt'S 


Crop 

Vipid 
]K‘r Aerp, 
Hiislu'ls 

l)(‘p 1 
Pnvv { 

1 

A PH* 
Aalup 

! 

10 

J’pr Cprit 

IllPIPJlSt* 

Fprlili? 

Pound 

i 

C'orn 

9 

$0 r>77 

.1>20 92 

5!|;2 09 

1(F> 

WllP.Mt 

i;; s 

1 14.} 

19 91 

1 99 

100 

OmIs 

iio 2 

0 172 

10 01 

1 (»0 

s:} 

Poiatop.s 

109 (i 

1 101 

127 07 

12 70 

o:}s 

Tobiteco 

7<M» 1 

0 211 

KiS 07 

1() SI 

S41 

C’otton ' 

170 S 

0 110 1 

2:^ 91 

2 :{9 

120 


^ A.sstiiiuiig !i 10 per fcn1 iiicroasr in t-iop from tin* use of fci 1 ilizors the viilue of the 
inerea.si would be eipii valent to flie eost of the nuiiilier of iiouiids of fertilizer indicated when 
culeuluted ut $40 per ton 


The above figuri's tha.t the farmer Pould afford 

to invest in S41 pounds of fertilizer costing forty dollars per 
ton to sp(*ure a 10 i)ct cent inm'aso in the yield of tobacco, 
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Fifj. 132. " -C()nii)I(‘l(‘ fertilizer. 

“In ilie Ki’owiiip; of the more s])eci;iliml crops little^ :itt(‘iilion is p:ii(l to 
the hiink-accoimt met hod of ciilciiJatiiiti: the necessary return of mineral 
elements and nilroKeii hut lar^c armmnts of complete fertilizer are supjdied 
since there is opportunity for additional profit (‘ither hy re.ison of ;i Kieater 
yield, a better quality, or the possibility of scttiiiK tin* product on the market 
earliiT than most comiietitors.” ("ucuiiibers on Ohio Fxiierimeiit Station 
Farm at, Marietta. 
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at the average price indicated, as compared to 83 pounds 
in the case of oats. 

'^riic (luantity of fertilizer which can be ai)pli(^d to advan- 
tage to any given croj) is governed by the relative cost of 
the fertilizer and the sc Jhng price of the vrop. This is^very 
well shown in the following table taken from the work of 
Jordan at the Ncnv York St::t.e Experiment Station at 
(Jeneva. At the time during wiiich the tests were utider 
way fcTtilizc^rs were' relatively chea]), a ton of a 4-8-10 
mixture' costing, in the unmixc'd materials, $25. During the 
jieriod from 1900 to 1920 the DcH^ember 1st farm sedling- 
price for potatoes in the United State's has varied from 
$0.43 to $1.00 ])er bushel. Assuming $0.50 and $1.50 as 
re'])re'sen1ing low and high prie^es it will be^ seem that the? 
v'alue of the incre'ase above the e*ost of the fertilli:crs is 
gre?ate'st. for a 1000-pound aiiiilication at the formen celling 
prie*e, but for the 2000-j)ound aj)])lication at the latter. 

TAiu.K xvn 

Si:mjn<j Fuh’k of Choi* as Rffxtfd to (^fantity of FKimi.i/Fii 
From J)ut:i on inercusr in ^’jcld of Fotatex's wil-l) -I S 10 


\'alut‘ of lii(*reiis(‘ above 
Ft'rlilizor C\>st, 


Founds 
per Acre 


.'jOI) 
l(l( lO 

J(KI(l 


( \KSt 
]»(T Acn* 


sc, jr, 
i ‘j :»() 
is 

jr, 00 


lncrcas(‘, 
Jbisliols, 
]M‘r Acre 


11 J 
, 1. 1 1 
(i1 1 


At $0 1)0 


•s.-) 10 
0 00 
s Ofi 
:» 70 


At 51 


SJS 70 

o:\ so 
07 10 


STANDARDIZING FERTILIZER ANALYSES 

1 h(' fe'rtilize.?r analysis to um' eli'penids ui)on so many 
varialilc's that it is difficult to make specific suggestions 
with relere?nce to its selection. Tlie soil, the climate, the? 
crop, the economic factors, including the relative cost of the 
several ingredients in the fertilizer and the total cost per 
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ton, and the selling price of the crop are all involved. A 
study of the investigational work on fertilizers indicates, 
however, that there is little justification for any very lai’ge 
number of analyses. A coinniittce of agronomists rei)re- 
senJyig Indiana, Missouri, Michigan, Ohio and Wisconsin, 
in conference, agreed ui)on 14 analyses which wen' said 
by manufacturers to be feasible from the factory ])oint of 
view and which were believc'd to nu'ct the nec'ds of the 
Middle West. Similarly the agronomists of the Middle 
Atlantic States agreed upon 19 analyses for the conditions 
which obtain in that rc'gion. Latc^ the New England 
agronomists eliminated all but 9 analyses which were 
believed to meed th(' reciuin'inents of that region. These 
lists as adopted follow: 

TABLE X(Tn 

Fi:iniLiZKu Anat.yses Si uu jested nr Aciionomis'I's 
To Fil tli(‘ Nc*o(ls of lh<* V:inous Boj^ions 
Jnnufumr S(nl\ 


JMiddlo 

Now 

AtEnlif 

0— 1*2— (i 

0 I2-l» 

()-I2 (i 

0 114 

2 12 1 

2 12 2 

2-12-2 

4- S (i 

2- 12-4 

2 - 12-1 

;<-UM 

1- SO 

2-12-G 

8-10-0 

1 12 0 

2-14-2 

1- S4 

:m(» r, 

2-10-2 

r>- 1 r> 

4 “ S— 1 

8- 12 4 

0- S-7 


3- S -O 

4- S 0 

S- 0-0 


4-124J 


i 


On/dntr Sftils 


0- S-24 

1 

(MO- 10 

0-1 0- 5 

0-10-10 

I 2-10- 0 

0- S 1 

2- S-l(i 


s- 8 

7 Ti 



;j- s- s 

0 10- 4 



1 1*2- 4 

1- S-IO 


i 

f) s-- r> 

10 o 0 



244 


TIIK SELEC^TION OF FP^KTILIZEIIS 


TABLE XCIV 

Si'rj(;i.:sTj:i) UsK of Feutilizeii Analyses * 


By Ohio Ap:rii*iiltur{il jiiid Exporiirionl Station 


Other lYentmeiil 

Tiight-color(‘(l Soils “ 

Darl> 

• 

-colored Soils ^ 

Xone 

C4over ^ 

Mnniirt' 

None 

(Mover ’ 

Manure 

(-orn, rye 

‘J 12-0 

0-14 4 

(V-B> -0' 

0-14-1 

O-KH) 

(V-10-0 

Wlietil, oats 

12-1 

2 14-2' 

0-10-0 

2-14-2 

0-14-4 

O-KM) 

Alfalfn, clovers 

2 12-0 

0 14-4 

0-10-0 

0-11 4 

O-MM 

0 KM) 

Soyl)(‘tiris, beans 

0-14 1 

0 14-^1 

(1-1 (V-0 

O-KM) 

0-10 0 

0-10-0 

l*()tato(‘s, lohjiceo 

S (» 

2 12-0 

2-11 2 

2 14 2 

0 14-4 

0 KM) 

Onions, eelery . . 

s-o 

A 12 1 

2 11-2 

11-12-4 

0-14 4 

O-KM) 

T()inat(K!s, cahbape 
Su^ar l)(‘ets, tiir- 

r> 1 

2-12-0 

0 10-0 

2-14 2 

0-14-1 

0-1 0-0 

nii)s . 

2 12 0 

0-14-4 

(1 KM) 

0-11 4 

0-10-0 

O 10-0 

'J’iiiiotliy, Metidows 
IVrrnMiudit Pas- 

:i-12 4 

2-14-2 

O-Ki 0 

4-12-0 

0-KM) 

0- UM) 

tures. 

Strawberry, rasj)- 

O-KM) 

0-104) 

0 10-0 

0-104) 

0-10 0 

O-KM) 

f)erry 

;{ 12 4 

2-14 2 

0 10-0 

2-11 2 

0-1 TM) 

0 KM) 

drapes, peaches 

0 1 1 -A 

0-11 4 j 

O 10-0 

0 10 0 

0 KM) 

0 K M) 

A[i])les, pears ^ 

0-111 

! 0-11 1 

' 1 

0 KM) 

0-10 0 

1 

0 10-0 

0-KM) 

_ . 


: 

: 

1 ! 





* 'rin‘ r;il(‘ of m]jpIh :i 1 ion >\tll vaiy from liOO lo liOOO pomifls ])or mitc, clrpniilin^; IsirKoly 
upon tlu- acre \nlijc' ol tlic '•r«ip 'I'ln* fiTtiliXfi Ircntinniif j*roi)s not iiifiit luiicd kIiouIcI 
bf llijil of llic most <-loM ly irlnlod nu'rnlx’i <)f iJir lust 

■’ l‘’<ir linbl-rfilorj'd sand.-, um* saim- analyses lun innousc lla* amounts prr acTO 
3 I’oi l)la»*l\ sands and nun Ks siibslitiili- 0-10 10 for 0 1-1 1, llio 0 11—4 for 0— Ifi 0, 
and l!io li ll’-(i foi fla* li 1 1- li m .‘1- U 1, ami iiicrcast* llio amounts prr afio. 

' Assumin^'^ a 1<in and a halt yield of elo\ er iir some ot hi*r leKiirne pieeeditif; the crop to 
be fertilized If I lie soil is lu id, limestone is essential 

•'^■(>11 tlie assumiition that f lie land reeei\es the equivah-nt of S tons of well-preserved 
manure |»er ane every •> Nears 

'• Aeid tjliosriliates 0 IS 0, 0-1?0 0, ami higher, ulicre available, may be substit uted for 
the 0- 10 0 

• The 2-12 2 or 2 Iti 2 niav bi- substituted for tlie 2-14 2, wherever found in the list 
S Tteemnmeiided as basic liJ-atineiits lo insuri* propel growth of mulch or eovi'r ero]).s 

Adclit loiial spi ing dies>,iMg<. of nitiair- of soda (oi its e((ui \ aleiit in sulphate of ainrnonia) at 
the rate of ’ iioiind lor each bearing grape vme or i jiound per year of age for each fruit 
tree are suggested 
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Undoubtedly these lists of analyses might still be sim- 
plified to advantage. It is probable that the relative cost 
of fertilizer nitrogen and phosphorus will gradually change 
as the pro(5ess(^s of nitrogen fixation arc improved and the 
demand for phosphates iiuTeases in the grain-growing lands 
of the West. It will also be noted that the analyses sug- 
gested by the New England Agronomists contain rela- 
tively high percentages of both ammonia and potash. 
While the soil, climatic and economic fat^tors vary in the 
several regions, it is probable that this does not entirely 
explain the differences in the sugge^sted lists of analyses. 
Hartw(4I staters that it is probable that the current prac- 
tice of applying phosphorus far in excess of what the crop 
removes will eventually modify the soil so that the defi- 
ciency of phosphorus will not exceed that of the other ele- 
ments.” 

Agronomists of several states have made specific sug- 
gestions as to the analyses best suited to giv(ui crops and 
soils und(5r the (jlimatic and economic conditions which 
I)revail in their rcispective states. Of these the suggestions 
in Table XCT V, distrilmted by the Agricultural C^ollege «and 
Experiment Station of Ohio to the farmers of the state, are 
selected as being sollle^^hat typical. 

THE LAW OF THE MINIMUM 

The res(\arch method which offers most promise in 
answering the (juestion as to what analysis to use under 
any given set of conditions is one which attempts to deter- 
iniiH^ th(' redurn for each additional incrcmient of the lim- 
iting element, all the others being sui)plied at an assumed 
optimum. The problems involved in such a method of 
study are many, but not necc^ssarily impossible of solution. 
It is be(H)ming more*, and more apparent that questions of 
economy should not (mter into consideration in such studies. 
It is desirable' to know at what point, either when supplied 
in exc^ess or in deficiency, eacli fertilizer salt becomes a lim- 
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iting factor. Under any given set of (iconomic conditions 
it would then be possible to apj^roach a solution as to the 
most profitable mixture to apply. The following example 
of such a method of study on corn grown on Miami clay 
loam soil and under the climatic conditions which prlivail 
at Columbus, Ohio, is given as being suggestive. In this 
test acid phos])hate, muriate of potash and limestone were 
applied to the soil at what was estimated to be the optimum, 
the element under in^’estigation being nitrogen. This was 
applied in the fetnn of sulphate of ammonia. The data 
follow : 


T.XBl.E XCV 

Effkct of Additional Inckkmknts of a Li.mitin(j Factor on Cohn Yimlds 
Variiiblo, Siilpliiilc of Aiiiinonia — OU kt Flcinciits at a Tlu*ort‘li(*al Optimum 


Stil])hM<(‘of Am- 

liitT(\‘is(‘ in 

AtT(‘ 

nioiiin, 



Pomuls jKT A CIO 

(Iniin, Hu 

Stover, ('wt 

dO 

7 

1 

100 

1 0 

2 7 

ir»o 

0 H 

2 (> 

200 

15 0 

s s 

400 

0 s 

10 5 

800 

s .s 

y 5 


The curve of increase indicates that the optimum yield 
wwild have been produced with an a]ii)lication of some- 
thing more than 200 pounds of sulphates of ammonia per aesre. 
The most profitabh^ rate of aj)pli(ation at the pric(;s which 
prevailed m 1920, tlu^ year of tlu^ test, was one which w^as 
soinewhat less than this amount. With a change in the 
selluig price of the corn or in the cost of sulphate of ammonia, 
some other rate of api)lication would probably be more 
profitable. 
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CHAPTER. XXVI 
THE APPLICATION OF FERTILIZERS 

The time and method of application of fertilizers varies 
with the nature? of the fertilizer, the effect which it is 
desired to have produced, the soil, the (Top and the climatic 
conditions. In th(? absence of any evid(?nc.c to the con- 
trary, the farmer applies th(?se materials at the most con- 
venient time. Since distrilmtion of labor is one of the 
important factors in determining the economy of produc- 
tion of crops, there should be ample? evidence in support of 
any inc()nvenie?nt time or method of ajiplication b(?fore it is 
adopted. This is espee?iall)^ true' in general farming whe're 
the cost of the' fertilizer mate?rials and of their application 
may be a considerable part of the? total cost of jToducing 
the crop. 

TIME OF APPLICATION OF NITROGEN FERTILIZERS 

It will be re?called that availability tests indicate that 
nitrate of soda is a more efficient carrier of nitTogen than 
any of the othe?rs used in the e?xpe?riinental te'sts. In the 
small amounts in whieih it is ordinarily ap])lie?(l the losses 
by leaching, if any, are? more than (?oinpcnsated for by the 
greater availability of the nitrate nitrogen. 

Kedtt believes, from experime'iital work in Soutli Caro- 
lina on the Portsmouth seTie\s of soils and under condi- 
tions of abundant rainfall, that soluble nitroge?n salts, if 
used, should be applied during the growing period of the 
crop rathe?r than prc?vie)us to planting. He sugge'sts the 
use of small amounts of soluble nitrogen, in addition to the 
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other fertilizer salts, on oats and cotton at the time of 
planting as a means of giving the crops a vigorous start, but 
recommends that most of the nitrogen be applied after the 
crop^ is well advanced. The suggestion for the corn crop 
was that the nitrate of soda be applied w'hen the com w’as 
knee high; for oats during the latter part of February or 
early March and for cotton during its early fruiting stage. 

Nitrogen presents a special problem by reason of the 
solubility of the nitrates and the fact that the soil has little 
fixing power for them. The problem is somewhat more 
serious in sandy soils and in regions receivnng abundant 
rainfall. This is one reason for the suggestion of fertilizer 
manufacturers, previously discussed, that the nitrogen of 
mixed fertilizers should be supplied by several different 
materials differing in the solubility and availability of their 
nitrogen. Probably Keitt’s suggestion of delaying the 
application of part, of the nitrog(‘n until the time when it is 
most needed and then using the more available carriers is 
to be preferred, except for the fact that it is not desirable 
from the point of view of national economy to confine the 
use of nitrogen t.o nitrate of soda and to the exclusion of all 
other carriers. 

USE OF NITROGEN FERTILIZERS IN ORCHARDS 

It seems rather geiuTally agreed that phosphorus and 
potassium fertilizers have little direct effetd, either on the 
quality or yield of ap])les or other tree fniits, or on the vine 
and bush fruits. They do affect the growth of cover crops, 
particularly the legumes, and will in time, undoubtedly 
thus indirectly affect the yi(dd and (}uality of the fruit. 
It is possible that a much more liberal use of such fertil- 
izers in comiection with soluble nitrogen may show direct 
effects, especially on soils in which the amounts of these 
elements in available forms are relatively small. 

There is still considerable doubt as to what are the 
causes of fruit bud fonnation, or as to just what condi- 
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tions are associated with fruitfulness. The various factors 
believed to be involvc^d arci avcII reviewed by Gardner and 
his associates. It seems evident that then^ must be a 
rather definite nitrogen-carbohydrate ratio and that when one 
or the other of these materials is much in excess of the require- 
ments of this ratio, fi*uit is not produced. Probably other 
factors are inA'olved, Imt experiments indicate that usually 
the limiting controllable factor is the content of available 
nitrogen in the soil, particularly at certain seasons of the 
year. Data as to the time of api)lication of nitrogenous 
fertilizers to fruit tr(',es arc^ somewhat ni(\ager, but- the gc^neral 
practice is to a])ply tlu'm around the trees just before they 
start their growth in the spring. 

USE OF NITROGEN FERTILIZERS ON WHEAT 
Ordinarily, nitrogen fcTtilizers are aj^plic^d to wheat at 
the time of seeding, although some attention has beem 
given to the use of spring a])j)lications of nitrate of soda 
or suljrfiate of ammonia. More rec^ently (considerable inter- 
est has been aroused in tlie disco\'(Ty that soft wheats can 
be changed in their charactc'ristics to (correspond to the 
hard wheats by regulating the tinj(* of application of nitrate 
of soda. The following data selected from the work of 
Gericke are of interest in this conm^ction : 

TAliLK A’C\T 

Effect of Time of Atflication o.\ Piiotein Content of Wueat 


Diitcof Api)lirati()n, 
Days after Plant 

Protein (Content in Per (C(‘rir, 

At’liite Aiislraljan 

'J'urkey Red 

0 

8 9 

14 0 

17- 21 

9.2 

13 S 

33- 3(j 

10 G 

14 7 

4S- 00 

11 4 

13 4 

72- 81 

13 0 

14 3 

100-110 

15 2 

17 9 
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The soft spring, Australian wheat grain was quite sim- 
ilar in its characteristics to the hard winter, Turkey red 
wheat when the nitrate of soda was applied from 72 to 110 
days, after jdanting, and from 121 to 152 days before har- 
vesting. The nitrate of soda was applied at the rate of 
100 pounds per acre. 

. TIME OF APPLICATION OF PHOSPHATES 

Both phosphorus and potassium are fixed by the soil and, 
therefore, are not lost in such largo amounts by leaching. 
This is particularly true of phosi)horus since very little of 
this element is ever found in drainage waters. Notwith- 
standing the capacity of the soil to absorb these elements 
from solution, they seem to be rctwlily yielded up to the 
growing croj) as re<iuu"i*d. This makes it aiqioar logical 
to apply the salts of these elements in larger amounts and 
less fn'quently as a matter of ('conomy of labor. Ordinarily 
the phosphatic and potash fertilizers are applied at the time 
of seeding of each croj). B'liere a crop yielding a high 
acre return is grown in the rotation on the general farm, it 
is sometimes found advisable to concentrate the fertilizer 
applications for the rotation on this crop, and depend upon 
the residual effect on the following cro])s. Such a method of 
applying fertilizers seems logical whei’e a complete mixture 
is used, but may yi<i<l disap])ointing results if the fertilizer 
ratios are not well balanced. 

THE USE OF PHOSPHATE ROCK 

Since phosphate rock is relatively insoluble in water it is 
essential that this mateiial be a]iplied at some time or in 
some way by which it will be brought into intimate contact 
with d(H‘,aying organic matt(T. ITsed in connection with 
manure, phosphate* rock has been shown to be almost as 
effective a earner of phosphorus as acid phos])hate. By 
scattering the n)ck over the manure before it is hauled to 
the field, distribution is effected without difficulty. 
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When applied alone, broadcast, it is believed that best 
results can be obtained by scattering it over the clover 
sod and idowing it under with the second growth of clover, 
or by applying it oji top of some; green manuring crop and 
plowing it under with this fresh material. Of the green 
manures the legumes are probably best for this purpose 



Fig. 33. — “If the fertilizer is sopanil(*d from the seed, tuber or. I, he root of 
the young plant by a thin layer of Sdil, injury can be avoided.” (Court (‘sy 
of iSoil Iin|)roveinent Corniniltee of the Nalional Fertilizci’ Association.) 


because of their high content of nitrogen and sulphur which 
arc oxidized to their nwpective a(tids in the process of decay. 

It seems be.st not to apply phosphate ro<!k at the same 
time in the rotation as limestone, for rea.sons j)reviously 
indicated. Probably in the* ordinmy Ihroe-year rotation, 
for example, the limestone <!ould b(^ aj^jdied on th(‘ (ilover 
sod the first rotation and the phosphate rock at the «imo 
point in the rotation the next time around. 
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THE DISTRIBUTION OF FERTILIZERS 

With the use of larger amounts of fertilizer the ques- 
tion arises as to how this may best be distributed in the soil. 
It ha^ ordinarily been assumed that, as the rate of applica- 
tion increases, the broadcast method of distribution is to 
be preferred as a means of preventing injury from too high 
a concentration of stilts in the vicinity of the seed or the 
roots* of the young plants. A further objection to row 
applications is found imder conditions in which the soil is 
in a low state of productivity, since the residual effect of the 
fertilizer on the following crop is very apparent along the 
rows in which it was aiiplied. Recently this problem has 
been receiving more consideration. An excellent review 
of the literature on the subject is given by Haskell. 

DISTRIBUTION OF PHOSPHATIC FERTILIZERS 

Where the fertilizer is chiefly or entirely phosphatic the 
danger of injury from too high concentration of salts is 
much less than with the more soluble nitrogen and potas- 
sium salts. In so far as the evidence on th(^ use of phos- 
phates is conccirned. it smns doubtful whether injury is 
likiily to result from row ap})li«-ations when used at the rate 
in which phos])hai.es jire ordinarily applied. Contrary to 
th(i usual belief, investigational work does not indic-ate that 
row applications tend to limit th(^ distribution of the root 
systems of (Tops. If the crop “ fir(«,” as is sometimes the 
case with the row method of distribution, this is probably 
due to the rapid rat(i of growth of the crop with a corre- 
sponding inci'oase in the rate of tnmsj)iration as a result of 
which available water becomes the limiting factor. 

DISTRIBUTION OF COMPLETE FERTILIZERS 

When i)l)os])hat(w are sui)plemcnted with carriers of 
nitrogem and potassium, such as nitrate of soda, or sulphate 
of ammonia, and mmiate of potash, injury from too high 
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concentration of salts is likely to occur, particularly where 
fertilizers are applied at the rate of a ton or more per acre. 
Investigation of this problem indicates that if the fertilizer 
is separat(!d from the seed, tuber or the root of the young 
})lant by a thin layer of soil the injury can be avoided. In 
this eonne(dion then' is opportunity for choice bcitAveen 
having the fertilizer in frojit or behind, above or below, or at 
the side of the sec^l or t uber. Side ai)pli(^at ions .seem i)refer- 
able siru^e the action of gravitational and cajiillary water 
tends to distribute the soluble, .salts vertically, and, if the 
fertilizer is dropped ju.st j)revious to the dropping of the 
seed, thej-e is always a certain amount carried forward to 
the setnl by the machinery. 

RAINFALL AS RELATED TO FERTILIZER USE 

The danger of injury, (*ither as a rc'sult of overstimulation 
of the cro|) or from too high concentration of salts, is likely 
to be much less in the humid n'gions having a high rainfall 
evaj)oration-7'atio than in the drier regions Avhere this ratio 
is low. It ap])ears lik(*ly that th(' use of larger amounts t»f 
fertilizer with a somewhat more localized nu'thod ol di.s- 
tribution will be somewhat mon; (h'sh’abh' in the humid 
East and South than on the drier soils of the W('st. In the 
Corn H('lt the danger from drouth is always imminent. .\ 
little .slower growth during th.e summer, with a delayed 
=^aring until after the drier weather of .Inly and Augu.st is 
passed and with a hastening of maturity after the drouth is 
broken in (“arly Sej)temb(T, is most desu'able. Th(' “ firing 
of the crop indicates that the fertilizer is doing what it was 
intended to do, viz.: increasing the late of growth of the 
crop. This indicat(^s that th(' soil and the climate w(‘re not 
suited to such ra])id growth and that the method ot dis- 
tribution was not (“orrcct or the rati*, ol apidication was too 
hea\’y for the conditions to be met. 
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ECONOMY OF LABOR IN FERTILIZER DISTRIBUTION 

In general livestoc^k farming, phosphated manure can be 
applied to the clover sod and plowed under for the corn 
crop? If the acid phosphate was not added to the manure 
it would appear logicial to app]3" it in small amounts in the 
com row at the time of planting. Larger a])plications of 
phosphatic or mixed fertilizers could be made on the wheat 
at the time of seeding with subse(|Uont top dressing in the 
spring with nitrat(' of soda or sulphate of ammonia sown 
by hand or with a grass s('eder. An\" I’esidual effect would 
be of value to the clover crop and later directl^’^ and indi- 
rectly to the corn or other cro])s in the rotation. 

With specialized crops, it is (\ss('ntial that the fertilizer 
be fitted to the crop and the climatic conditions so that the 
time, method and rate of api)lication must, be varied with 
the croj) and w('ather. Th(' cost of fert.ilizcTs, including the 
cost of distrilnition, Ixung only a relatively small part of the 
cost of growing and marketing the croi), and the importance 
of earliness or (piality, make it desirable t.o use fertilizers 
liberally and frequi'ntly in order to keep the crop und(^r 
(jontrol in so far as this is jmssible. Where wat.(T is sup- 
plied by overhead or sub-irrigation it. is possibk' to prevent 
injury from excessive use of f(Ttilizers b\^ hea\y watering, 
("areful watcliing of the crop and the season ])ermits the 
specializcul crop farmer to anticipate tlu' uchmIs of the crop 
and to supply theses as the.y arise throughout the season. 
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rnent, 235 
in Eurofie, 233 
the Orient, 233 
salts, additive effect, of, 231 
effects on crop yields, 10 
soil solutitm, S3 
Fertilizers, home-mixing, 227 
mixed, 225 
selection of, 234 
wet mixing, 220 
Filler in mixed fertilizers, 228 


Fineness of grinding phosphate rock, 
212 

limestone, 179 

Firing of crops, cause of, 254 
Freezing, effect on soil, 99 
F’ruii bud formation, causes of, 250 

Oarbage tankage, as a source of ni- 
trogen, 195 

produced in America, amount of, 
191 

(leorgia, amount of fertilizer used in, 
232 

drain systcan of farming, nitrogen 
i‘connmy in, 1S9 

dravitational water, effects in soil, 
85 

in r(‘lation 1x) crops, G3 
dreen manure, clover as a,, 113 

crops, for making soil jwtassiurn 
av'ailable, 223 
effect on crop yields, 1 13 
fertilizer system of soil manage- 
ment, 190 

manuring program, h'guminous, 
with acid i)hosphate, 
230 

drowth of crops, biotic factors 
affecting, G 

climatic factors affecting, 1 
soil factors affecting, 7 
dypsum for use wdh phospliate rock, 
212 

used witli manun*, 200 

llarn>w, use of, 99 
Hessian fly, control of, 174 
Home-mixing fertilizers, 227 
Hopkins method of tc^sting acid 
soils, ISO 

Human excrement, use in China and 
.Japan, 233 

Humus, meaning of term, 105 

nu'thod of extraction from soil, 105 
Hydrated lime and limestone, com- 
parison of, 181 

Hygroscoj)ic water in soils, 64 
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Importations of potash salts, 219 
Inoculation, cross, 129 
of legumes, 127 
, methods, 128 
non-legumes, liiO 
steriliz(Hl »soil, 172 
\Mth Azolobactcr, li^O 
Tns('cts, as negative factors, 174 
Ion ratios in soil solution, 82 
Ions, movement with cajullary wat(T, 
140 

Irrigation, effect, on wheat yield, 71 
studios, critical point of water in, 22 
water, amount, in relation to corn 
yields, 23 

optimum quantity of, 22 
Iron ivs a fertilizer element, 17 
soluble, in acid soils, ISO 

,Iapan and China, substitute* lor 
fertilizers in, 233 
clover, lime* reeiuin'iiK'iit of, 187 
.lones 111(4 hod for testing acid soils, 
IcSO 

June, July and August, rainfall, rela- 
tion t,o corn yi('lds, 21 

Kainit as source of potassium in fei- 
tilizers, 219 

Kansas, amount ol fertilizer used in, 
232 

Jvaolmite, form(*d in soils, SO 
Kel]) as a source of iiotassium in 
f(*rtiliZ(Ts, 219 

Eandi)last(*r use on grass land, 211 
wane in po])ularity of, 230 
Lateral inov(‘ment of water in seals, tiS 
Law’ of diminishing returns, 71 

th(‘ ininmiuin apph(*d to fertilizer | 
rt'search, 24o 

Ix'ather and hair as sources of nitro- 
gen, lOo 

Leaves of k'gumes, nitrogen fixed by, 
127 

Lc'gume organisms, nitrogen fixation 
by, 4t) 


L(‘gumcs and non-legumes in associa- 
tion, 127 
inoculation of, 127 ■ 

111 rotation, value of, 12G 
nitrogen content of, 12 , 

us(* ILK gretai manures watji acid 
phosphate. 230 

Linn; absorbing ca])acities of acid 
soils, 151 

of drained seals, 90 
amount to apply, 187 
as a filU‘r in fertilizers, 228 
croj) se(iut*nc(* in r(‘lation to need 
for, 121 

(‘ff(M‘l on organic matter, 112 
tilth, 59 

for lilxTaling soil potassium, 
223 

form to iis(‘ as relat(*d to distance to 
haul, 18,5 
in cyanainidi*, 194 
nei'dsof soil, mt'lhod of estimating, 

150 

iH'lative valu(‘s of diffcTent forms of, 
177 

r(*(iuin'm(’nt of crojis. 81, 149 
groui)s. high, inculium and low’, 
1,53 

use in mark(‘t gardening, 185 
Limestcau*, amount t(* a]ii)ly, 187 
and hydrat(*d lime, comparison of, 

151 

jihosphate rock, aplication in 
relation to each other, 
252 

economy in soils 14S 
tinencss of, as related to effective- 
nt'ss, 179 
mixing witli soil, 182 
n(‘(‘d, as rclat(‘d to climate, 237 
on clover sod, 183 
time of ap])lication of, 181 
in rotation to a])ply, 183 
Liming materials, 177 

neutralizing j)ow('r.s of, 178 
solubilitii*s of, 179 
response of crojis to, 149 
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Limiting factor, carbon dioxide as a, 
19 

water as a, 19 
Lipinan compost, 20() 

Livestock system of farming, potas- 
0 Slum economy in, 215 

nitrogen (‘cononiy in, 190 
use of acid j)hosj)hiitc in, 2Ii0 
Losses of elements in drainjig(\ 1.‘19 
Lupins, amount, nitrogen accuimi- 
lat(‘d In , 17 

Magn(\sium, replacement by potas- 
sium, 142 

Management of soil, systcan used in 
(4iina and Japan, 2.43 
Man SIS i\ biotic factor, (i 
Manure, amount produced, 105 
and fertiliziT, reisdive eff(‘cts<)f, 1 10 
SIS crop producing Jig(‘nt, l(i3 
carrier of plsint diseases, 170 
compsirison of ])liosphat(*s u.sed 
with, 210 

composition of, Kil 
loss(‘s from i(‘.‘i.ching of, 101 
percentage r(‘cov(‘ry soil ehanents 
in, l.'iO * 

water soluble const it inaits in, Itil 
Manures, animal, 157 
cold and liot, l(i2 

Market gardcni cro|»s, (piality in rel;i' 
tion to lertilizer prac- 
li(!e, 255 

gardening, soil maiiageiiK'nt in, 191 
use of lime in, 1S5 
Marl as a sounri* of lime, 177 
Mechanical composition of soils, rela- 
tion to clieiiiical, 00 
Medium for baeterial counts, 44 
Methods of chemical an.alysis of soils, 
40 

Milk, analysis of, 1.5S 
Mineral content of milk and wool, 15S 
whtat, variation in, 11 
economy in soils, 137 
requirements of plants, U) 
theory, 15 


Mineral theory (continued) 

too literal interpn'tation of, 138 
Mineral()gi<*al analysis of soils, 35 
Minerals, distribution of, in soils, 
3(i 

Minimum, la\\ of, as apfilied to fer- 
tiliz(*r H'search, 245 
Mixed fertilizers, 225 
Mixing fertilizers on farm, 227 
wet process of, ‘-*20 
Mixtures of nitrogen carriers, 190 
Muck and pent soils, usi* of potassium 
fcrtiliz(*rs on, 210 
Mulch, soil, 0(», 100 
Muriate of j)olash, comiiarison with 
other salts, 221 
on tobacco crop, 221 
in a 3 12-4 hatilizer, 22S 

Negative* factors, laological, lOS 
chemical, l(i7 

Neutralizing powea* of liming mater- 
ials, 17S 

Nitrate of potassium, comiiarison 
with oilier potash salts, 
221 

soda, amount used in America, 
191 

etT(‘ct on soil solution, 83 
time of ajiplication on corn, 
‘249 

cot * on, ‘249 
oats, ‘249 
wheal, 250 

use in a 3-12 1 fertilizer, 228 
Nitrate'S, leiss in elraiiiage, 135 
Nit rifie'a lion, eM)nelitie)ns favoring, 45 
Nitre)ge‘n, accumulation in soils, 49 

anioiml fixe'el by neielule bacteria, 
131 

anel mineral re'eiuirenie'iits of creips, 
10 

atmeispheric used by non-legumes, 
49 

e*arbori ratio, lOti 

earbeihydrnte' ratio in fruit bud 
feirniation, 250 
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Nitrogen (continued) 

carriers, indireci offects of, 198 
commerciaJ, sources of, 191 
concentration in surface soil, 139 
conservation of, 125 
content of legumes, 12 
rape, 14 

sw(‘C‘t clover, 114 
cycle in acid soils, 155 
economy in goiuTal farming, ISt) 
intensive (Topping systems, 
190 

organic matter in relation to, 107 
fertiiiz(‘Ts, 189 

availability tc'sts for, 190 
time of aoplication of, 24S 
in orchards, 249 
in relalion to (jiiality of 
wheat, 250 

use in relation to climatic factor, 
230 

fixation by leaves of legumes, 127 
by legunu‘ organisms, 4() 

non-syrnbiotic organisms, 4S 
factors affecting rale of, 131 
accomjianying growth of lupins, 
47 

in air, 125 

bodies of cattle, 157 
manure, 101 
milk, 15S 
rainwater, 125 

S(*(‘(ls, 1 1 

uriiK* and feces, 100 
wool, I5it 

mixtures of carriers of, 190 
organic, processed, 194 
problem, solution of, 135 
synth(*tic, capacity world’s iilants 
for, 192 

Nodule bacteria, culture solution for, 
128 

(;ff(H‘t of acidity on, 129 
nilrog(*n fixed by, 131 
Non-legume crops, use of atmos- 
pheric nitrogen by, 49 
Non-lcgumes, inoculation of, 130 


Non-symbiotic nitrogen fixation, 48 
Norfolk rotation, 117 

Oats, climatic requirements of, 3 
continuous, 118 

Onions on black sejils, potassium fer- 
tilizers on, 210 

yields of, aft(T various crops, 120 
Optimum water content of soils, (iS 
(juantity of irrigation water, 22 
Orcihards, tillag(‘ and sod culture in, 
103 

time of application of nitrogen fer- 
tilizers in, 250 

us(' of phosphate and potash fer- 
tilizers in, 249 

Oivgoii soils, sulfur content of, 38 
Organii* luattcu*, 105 

acids from decay of, 107 
effect on ph^^sical jiropertics of 
soil,' 108 
tilth, 59 

from manure, 110 
us(‘ of fcTtihzers, 111 
in r«*lation to crop yi(*lds, 111 
nitrogen economy, 107 
means of accumulating in soil, 

no 

method of estimation, 100 
nitrogen, j)rocessi‘d, 194 
Origin of soils, 20 

Parsnips, fertilizer suggestion for, 239 
Pastun‘s, jxTinanent, insi!(;t i)roblcm 
in, 174 

P(‘ctates, solubility of, 82 
PcTcolation, reduced by crops, 140 
PermaiMMit pastun*s, on wet land, 07 
Permunganat(‘ nu'thod of testing 
the (piality of nitrogen, 
190 

Phagocytic theory (jf soil fertility, 172 
p^^ of soil solution, SI 
Phosphate and carbonate of lime, 
soil d(4i(uencies in, 230 
deposits, location of, 201 
fertilizers, effe(?t in wet seasons, 238 



INDEX 


265 


Phosphate {continued) 
rock and acid phosphate compari- 
son of, 20(i 
gypsum, 212 
limestone, 252 

c*kpa(;itics of various plants to 
• use, 208 

cxporl-ed, 202 

fineness of grinding of, 212 
for swe<‘t elov(‘r, 208 
on acid soils, 208 
production in United Slates, 202 
sulfur-soil compost, 20(i 
time and method of application, 
25:^ 

used with manure, 200 
Phosphates, availability rcduc(‘d by 
lime, 228 
tests for, 204 

comparison of various carriers of, 
200 

conservation of, 200 
PhovSphatic f(?rtilizcrs, method of ayi- 
])lication, 252 
time of apfilication, 251 
Phosphorus absorption by barley, 12 
soil, 142 

concent ration in surface soil, l.‘»s 
content, of soils of Trenton area, 28 
fertilizers, 200 

Physical analysis of soils, 60 
properties of soils, 54 

organic matter in relation to, 
108 

Plowing, 92 
dejith of, 94 
spring and fall, 97 
I Mows, adapt.(Ml t.o soils, 92 
Pore space, watc'r and air in, 70 
Potash fertilizers, (‘fleet in dry s(^a- 
sons of, 228 

salts, importation of, 219 

produced in American indus- 
tri(\s, 219 

from feldspathic rocks, 219 
Potassium, absoriition by soil, 141 
amounts in soil and subsoil, 214 


Potassium {continued) 
availability tests for, 220 
available in soil, 214 
comparison of carriers of, 221 
depletion in soils, 216 
fertilizers, 214 
sourecjs of, 218 

in soil, methods of making avail- 
able, 222 
stalks of plants, 14 
substitution of sodium for, 222 
Potato s(!ab, control of, 171 
1’otal.oe‘s, climatic requirements of, 3 
on sandy soils, use of ])otash fer- 
tilizers on, 216 

relatives (‘fleets of various carriers 
of nitrogen on, 198 
(lualit^’^ of, as affected by use 
of muriate of potash, 
222 

sodium chl(>rid(‘ as a fi'rtilizer for, 
222 

Pr(»c(‘ss(‘d organic* nitrogen, 194 
Productivity in relation to soil en- 
vironment, 7 
Protozoa in soils, 172 
Province, sod, 20 

(Quality of market garden crops, 
f(‘rtiliz(‘r ])racti(;e in re- 
lation to, 255 

potatoes, (‘ffect of muriate of 
potash on, 222 

tobacco, (*IT(‘(d. of muriate of 
jiotash on, 222 

v.h(‘at, time of afiplication of 
nitrato of soda as re- 
lated to (piality, 250 
Quantity of fertilizer, in relation to 
acre valiu* of crop, 240 
to apply, 244 
limestone to ajqily, 1S7 

Radishes, sodium chloride as fer- 
tiliz(‘r for, 222 

Rainfall and yitdd of corn, correlation 
between, 21 
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Haiiifall (continued) 
evaporation ratio, 24 
in relation to crop distribution, 
23 

fertilizer distribution, 254 
Rainwater, nitrogen in. 125 
Rape, nitrog(*n content of, 14 
Rare cleiiK’nts in soils. 40 
Rate of removal of drainage water, 
8S 

Ratio, rainfall-evaporation, 24 
Ratios of fertilizer salts, ]»roblein of 
deciding on, 231 
of ions in siiil S(jlution, S2 
“Rawness” of subsoils, 05 
Re-inoculation of soil, n(‘<‘d for, 120 
R(*sidual effect of Icrtilizias, 251 
Rice, ainrnoniuni sulfate as fertilizer 
for, 52 

climatic r(*(iuirenient of, 3 
Riv(*r water, com])osition of, 141 
Rock classes, chemical composition 
of, 27 

Roller, use of, 00 
Root rot oi <‘orn, S2 
Root systems of plants, S5 
variation in, fiS 

Roots, penetration of subsoil by, (>7 
Rotation alone insufhcicnt, 123 
and continuous crojijnng com- 
jiared, IIS 
crop sequence in, 120 
sanitary reason for, HiS 
Rotations for (’.orn Belt, clover in, 
122 

Rye as a catch crop, 1 14 

Salts, capillary movement in soil, 140 
Sanitary reason for crop rotation, IfiS 
Sanitation, soil, lf)7 
Sandy soils, jiotassium fertilizers on, 
210 

Seed bed preparation, 09 
nitrogen in, 14 

Seeds, germination of, in wet soils, 72 
Selling price of crop as rel.Mt,ed to 
fertilizer practice, 242 


Semi-arid regions, use of fertilizers 

in, 238 

Separates, soil, 55 
Series, soil, 30 
Silicon in wheat strawy 14 
Sod, as means of preventing erosion, 
146 

culture in orchards, 103 
Sodium as substitute for jiotassium, 
222 

Soil acidity, develojiinent of, 80' 
acids, avidity of, SI 
air, 70 

composition of, 74 
analysis, absolute method of, 
41 

mechanical, 51 
pliysi(;al, 60 
biological, 43 
as guide to practice, 41 
class(‘s, 56 

(‘iivironment, productivity in rela- 
tion to, 7 

factors and crop growth, 7 
flora, classifi(*ation of, 44 
uioculation with, 128 
inaiiagciiKMit in relation to water 
control, 25 
f)robl(*m of, 17 
mulch elTcr'tJvencss of, 101 
j)lan1-soil i-yclc, 17 
province, 30 
rare (‘Icmcnts in, 40 
renewing agencies, 138 
separates, 55 
s(‘ries, 30 
solution, 77 

methods of extracting, 77 
p^^ of, 81 

efTect of fertilizers on, 83 
ratios of ions in, 82 
.solvents, 40 
surv(‘y, 20 

importance of, 32 
trc'atnuaits, cfi’ect on crop yields, 0 
type, 32 
water, 62 
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Soils, chonucal analyses of, 37 
iiiothods, 40 

composition of, variation in, 38 
classilicatiori of, 120 
colloidal proiiortics of, 57 
dilTej^cnccs in composition of, 28 
di.stry)ution of rniiuTMls in, 30 
offc(;t of weathering on, 3() 
excessive aeration in, 75 
inineralo^ical analysis of, 35 
origin of, 2(i 

physical jiropiTties of, 51 
similarity in eoiniiosition of, 20 
some cA’ceptional, chemically, 3S 
Solul)iliti(\s of hminp, materials, 179 
Solution (‘ultun* for nodule bacteria, 
128 

soil, 77 

methods of ('xtractinp;, 77 
Solv(‘nts, for available ('Icinents in 
soils, 40 

Sorrel, lime r(‘(|uir(‘ni(‘n1 of, 1 19 
Soybean, lime n‘(iuircmcnt of, 149 
Soybi‘ans, nitro^i'ii lixi'd by, 133 
Sprinkliufj;, overhead system, 92 
Stalks, potassium and calcium eon- 
tcMit of, 14 

Stassfurt miiK's, 21 S 
St.(*rilization of soil>, 172 
StTucture, crumb, 58 
Subsoil, cssi'iitial cl(*ments in, 137 
Subsoihn^, 95 

Subsoils’, chcimcal composition of, 
38 

^‘ra,w,’' 95 

Sugar bi‘ets, climatic reiiuiremcnts of, 
5 

cane, climatic recpiircmeiits of, 5 
Sulfate of ammonia, clTeci on st)il 
solution, 83 
for ri<‘(*, 52 

increasi' in corn yiilds from 
additional inci cments 
of, 24(i 

potash, comparison with other 
carriia-s of potassium, 
221 


Sulfur content of cruciferR, 14 
some Oregon soils, 38 
economy in soils, 211 
in drainage wat.(*r, 144 
rain water, 144 

phosphaU' rock-soil compost , 20() 
usi* in control of alkali, SO 
“Sup(*rphosphat(',” methods of man- 
ufacture, 203 
Survey, reconnoissance, 32 
soil, 29 

imi)ortanc(‘ of, 32 
stat.(‘ and national, 32 
Swam]) land, irrigation of, 02 
Sweet eloviT as a eat eh croj), 114 

cajiaeity to usi‘ phosphate roek, 
207 

pot.assiuin of fi‘lds])ar, 224 
in rotation, 122 

Syst(‘rn of soil managemiMit in rela- 
tion to fertilizer prae- 
tie(‘, 235 

'I\'m])era1ure of drainf*d soil, tK) 
'Ti'xtuns elTeet on ea|)illary rise of 
A\ater, 05 

Theory, miiKMal, 15 
phagocytic, 172 
toxicity, 72 

34iiocyaiiatc l<‘st for soil acidity, 
188 

Tile drainage, c(T(‘cts of, 89 
"rillagc, 93 

in t)rcliards, 103 

Tilth of soils, clh‘ct of freezing and 
dr\ ing on, 58 
organic matl(*r on, 59 
Tobacco, fertilizer equivalent of ten 
])(*!• (!ent increase in 
yield of, 240 

jiotassiimi and calcium content of, 
14 = ' 

quality, as affect i‘d ^>5' 

potash, 222 ^ 

sterns as source of p(»t;-s6iUip, 219 
Tomatoes, inoculation trials On,T30 
Toxicity, theory, 72 
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Transpiration of water by plants, 
rate of, 20 

corn plant, rate of, 20 

Trenton area, phosphorus content of 
soils of, 38 

Veitch test for lime re<iuiremont, 150 

Vet(;h us a catch crop, 114 

Vine and hush fruits, phosphatic and 
potash fertilizers on, 
249 

Vineyards, use of nitrate of soda in, 
22S 

Virulence of parasitic organisms, H»9 

Water as a limiting factor, 19 
available, in drained soils, S7 
capillary, rate of movement of, 65 
amount in soil, 63 
content of soils, 63 
optimum, 68 

control, soil management as re- 
la t(*d to, 25 

conserved by cultivation, 101 
erosion, rate of, on soil, 145 
gravitational in relation to cro])s, 
03 

hygroscoi)ic amount in soil, 64 
in pore si)ac(‘, 70 
lateral movc'ment iti soil, 68 
maintaining cai>acity of soil, 62 
rate of removal by drainage, 88 
requirements of crops, 19 

plants, as basis for ecological 
classification, 24 
supply, critical fMiint. in, 22 

iu relation to crop adaptation, 25 


Water {continued) 
table, depth in summer, 87 
Weathering, effects on soils, 36 
Weeds, as negative factors, 175 
as soil conserving agents, 175 
competitors of corn, 103 ^ 

in continuous wheat, 117 
Wet land, permanent pastures on, 67 
mixing fertilizers, 226 
soasi>ns, effect of acid phosphate in, 
238 

soils, alsike clover on, 89 
buckwheat on, 71 
Wilting coefficient of plants, 64 
Wheat, (ihcmi(;al (romposition of, 11 
climatic requirements of, 2 
continuous, in Dakotas, 168 
at Rothamsted, 117 
disease resistant strain of, 171 
quantity in relation to time of 
application of nitrate of 
soda on, 250 

straw, silicon content of, 14 
variation in mineral content of, 12 
yields, under irrigation, 71 
Wo(>d ashes, effer^t on soil, 155 
Wool, nitrogiai and mineral content 
of, 159 

Xerophytic plants, 24 

^ ield of wheat undcir irrigat ion, 71 
^'ields gf corn, effect of cultivation 
on, 101 

Zinc, as negative factor in soils, 168 









